PATENT ABSTRACTS OF JAPAN 
(ll)Publication number : 2000-199827 
(43) Date of publication of application : 18.07.2000 



(51) Int. CI. G02B 6/122 
H01S 5/026 



(21) Application number : 11-120631 (71)Applicant : SONY CORP 

(22) Date of filing : 27.04.1999 (72) Inventor : 0KUH0RA AKIHIK0 
0GAWA TAKESHI 



(30) Priority 

Priority number : 10306090 

Priority date : 27. 10. 1998 
Priority country '■ JP 



(54) OPTICAL WAVE GUIDE DEVICE AND ITS MANUFACTURE 
(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an optical wave guide device having an 
optical waveguide warranting a high optical propagation characteristic 
regardless of a kind of a support pedestal and its manufacture. 
SOLUTION: This optical wave guide device is provided with a multilayer 



wiring substrate 2, an optical waveguide 11, a light receiving element 21, 
IC chips 25, 35 and a light emitting element 31 arranged on the multilayer 
wiring substrate 2. Since the optical waveguide 11 is formed on a flat 
transparent substrate, and is transferred onto the multilayer wiring 
substrate 2, it has an advantage such as a less optical propagative loss. 
At this time, a signal to be transmitted at high speed is high speed 
transmitted as an optical signal, and the signal allowed to be transmitted 
at a relatively low speed is transmitted as an electric signal. Thus, the 
propagative delay of the signal becoming a problem in the case of 
transmitting only by the electric signal is dissolved, and the danger 
receiving an effect of an electromagnetic noise is reduced. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Photoconductive wave equipment characterized by having a 
substrate and the optical waveguide which arranges and fixed on said 
substrate while being beforehand formed separately so that a lightwave 
signal could spread the interior. 

[Claim 2] Photoconductive wave equipment according to claim 1 characterized 
by forming electric wiring in said substrate. 

[Claim 3] Furthermore, photoconductive wave equipment according to claim 
1 characterized by having at least one side of the photo detector for 
changing the light emitting device or lightwave signal for changing an 
electrical signal into a lightwave signal into an electrical signal on said 
substrate. 

[Claim 4] Furthermore, photoconductive wave equipment according to claim 
3 characterized by having an integrated circuit for delivering and 
receiving an electrical signal between [ one / at least ] said light emitting 
device or said photo detector on said substrate. 

[Claim 5] For said substrate, said optical waveguide is photoconductive 
wave equipment according to claim 1 characterized by being formed on other 
different substrates and imprinting on said substrate from a substrate 
besides the above. 

[Claim 6] Said optical waveguide is photoconductive wave equipment 
according to claim 1 characterized by having the light reflex section which 
has either [ at least ] the function which an end is made to reflect the 
lightwave signal from the outside, and is introduced into it in said optical 
waveguide at least, or the function which is made to reflect the lightwave 
signal which has spread the inside of said optical waveguide, and is derived 
out of said optical waveguide. 

[Claim 7] It is photoconductive wave equipment according to claim 6 with 
which said light reflex section is characterized by the thing of said core 
layer prepared in the end at least while said optical waveguide is 
constituted including a core layer and a cladding layer. 
[Claim 8] Furthermore, at least one side of the photo detector for changing 
the light emitting device or lightwave signal for changing an electrical 
signal into a lightwave signal on said substrate into an electrical signal, 
While having an integrated circuit for delivering and receiving an 
electrical signal between [ one / at least ] said light emitting device 
or said photo detector, said optical waveguide Photoconductive wave 
equipment according to claim 2 characterized by having had the light reflex 
section for performing the input or output of a lightwave signal at the 
end at least, and having pasted said substrate through a glue line. 



[Claim 9] Electric wiring of said substrate is photoconductive wave 
equipment according to claim 8 characterized by being for said light 
emitting device or said photo detector reaching on the other hand at least, 
and supplying a power source to said integrated circuit. 
[Claim 10] Electric wiring of said substrate is photoconductive wave 
equipment according to claim 8 characterized by being for combining 
electrically at least one side and said integrated circuit of said light 
emitting device or said photo detector. 

[Claim 11] Said substrate is photoconductive wave equipment according to 
claim 8 characterized by being the multilayer-interconnection substrate 
with which the laminating of two or more electric wiring layers was carried 
out through the insulator. 

[Claim 12] Said optical waveguide is photoconductive wave equipment 
according to claim 8 characterized by being constituted including the 1st 
cladding layer formed on said substrate, the core layer by which the 
laminating was carried out on this 1st cladding layer, and the 2nd cladding 
layer by which the laminating was carried out on this core layer. 
[Claim 13] Said 1st cladding layer is photoconductive wave equipment 
according to claim 12 characterized by serving as said glue line. 
[Claim 14] Said glue line is photoconductive wave equipment according to 
claim 8 characterized by consisting of a photo-setting resin. 
[Claim 15] Said glue line is photoconductive wave equipment according to 
claim 8 characterized by consisting of thermosetting resin. 
[Claim 16] It is photoconductive wave equipment according to claim 8 
characterized by for said light emitting device or a photo detector reaching 
on the other hand at least, and said integrated circuit being connected 
to electric wiring of said substrate by the connection electrode. 
[Claim 17] Said connection electrode is photoconductive wave equipment 
according to claim 16 characterized by carrying out coating of the solder 
to the spherule which consists of a conductive ingredient. 
[Claim 18] Said connection electrode is photoconductive wave equipment 
according to claim 16 characterized by consisting of solder which uses lead 
(Pb) and tin (Sn) as a principal component. 

[Claim 19] Said optical waveguide is photoconductive wave equipment 
according to claim 8 which transmits a transmission signal at the 1st rate 
and is characterized by electric wiring of said substrate being what 
transmits a transmission signal at the 2nd rate smaller than said 1st rate. 
[Claim 20] At least one of said light emitting device, a photo detector, 
or the integrated circuits is photoconductive wave equipment according to 
claim 8 characterized by being arranged on said substrate as a spacer which 



intervenes said optical waveguide between said substrates. 
[Claim 21] Said light reflex section is photoconductive wave equipment 
according to claim 8 characterized by having either [ at least ] the function 
which is made to reflect the lightwave signal from the outside and is 
introduced in said optical waveguide, or the function which is made to 
reflect the lightwave signal which has spread the inside of said optical 
waveguide, and is derived out of said optical waveguide while being 
constituted by the inclined plane of said optical waveguide formed in the 
end side at least. 

[Claim 22] Said inclined plane is photoconductive wave equipment according 
to claim 21 characterized by inclining in 45 abbreviation to the optical 
propagation direction in said optical waveguide. 

[Claim 23] The insulator of said multilayer-interconnection substrate is 
photoconductive wave equipment according to claim 11 characterized by 
consisting of an inorganic material containing at least one sort in the 
group which consists of an alumina (aluminum 203), a glass ceramic, aluminum 
night RAIDO (A1N), and a mullite. 

[Claim 24] The insulator of said multilayer-interconnection substrate is 
photoconductive wave equipment according to claim 11 characterized by 
consisting of an organic material containing at least one sort in the group 
which consists of a glass epoxy resin, polyimide, BT resin, PPE (polyphenyl 
ether) resin, phenol resin, and polyolefin resin. 

[Claim 25] The manufacture approach of the photoconductive wave equipment 
characterized by including the process which makes the process which forms 
optical waveguide by using the 1st substrate as a support base, and said 
optical waveguide supported by said 1st substrate and the 2nd substrate 
fix, and the process which imprints said optical waveguide to said 2nd 
substrate by removing said 1st substrate. 

[Claim 26] The manufacture approach of the photoconductive wave equipment 

according to claim 25 characterized by performing the process which makes 

said optical waveguide and 2nd substrate fix using adhesives. 

[Claim 27] The manufacture approach of the photoconductive wave equipment 

according to claim 26 characterized by using a photo-setting resin as said 

adhesives. 

[Claim 28] The manufacture approach of the photoconductive wave equipment 
according to claim 27 characterized by stiffening said photo-setting resin 
by irradiating light through this 1st substrate while using the substrate 
which consists of an ingredient of light transmission nature as said 1st 
substrate, 

[Claim 29] The process which fixes the process which forms said optical 



waveguide, and said optical waveguide and 2nd substrate The process which 
forms a core layer, and the process which forms the resin layer which turns 
into a cladding layer as surrounds this core layer, The process which pastes 
up said optical waveguide supported by said 1st substrate, and said 2nd 
substrate, using said resin layer in the condition of not hardening, as 
said adhesives, The manufacture approach of the photoconductive wave 
equipment according to claim 26 characterized by including the process 
which makes fixing with said optical waveguide and said 2nd substrate 
complete at the same time it stiffens said resin layer and forms said 
cladding layer. 

[Claim 30] While the process which forms said optical waveguide includes 
the process which forms the substrate detached core which makes it possible 
to separate said 1st substrate from said optical waveguide in a back process 
between said 1st substrate and said optical waveguides The manufacture 
approach of the photoconductive wave equipment according to claim 25 
characterized by removing said 1st substrate by removing said substrate 
detached core in the process which imprints said optical waveguide to the 
2nd substrate. 

[Claim 31] The manufacture approach of the photoconductive wave equipment 
according to claim 30 characterized by forming said substrate detached core 
with a silicon dioxide (Si02). 

[Claim 32] The manufacture approach of the photoconductive wave equipment 
according to claim 25 characterized by removing this by melting said 1st 
substrate in the process which imprints said optical waveguide to the 2nd 
substrate while using the substrate which consists of an ingredient which 
can dissolve with a predetermined solution as said 1st substrate. 
[Claim 33] It is the manufacture approach of the photoconductive wave 
equipment according to claim 32 which said solution is a hydrogen fluoride 
(HF) solution below 5 volume % and is characterized by the ingredient in 
which said dissolution is possible being photosensitive glass. 
[Claim 34] The process which forms optical waveguide on said 1st substrate 
The process which makes said optical waveguide and 2nd substrate fix 
including the process which forms two or more optical waveguides estranged 
mutually The process which pastes up said 2nd substrate on said optical 
waveguide through the glue line which consists of a photo-setting resin, 
The process which light is irradiated through said 1st substrate at said 
glue line, and only the field corresponding to said optical waveguide is 
exposed [ process ] alternatively, and stiffens it among this glue line, 
The manufacture approach of the photoconductive wave equipment according 
to claim 25 characterized by including the process which removes the 



photo-setting resin which is not hardened on said 2nd substrate. 
[Claim 35] The manufacture approach of the photoconductive wave equipment 
according to claim 34 characterized by performing alternative exposure for 
this light-shielding film as a mask before the process which pastes up the 
2nd substrate on said optical waveguide including the process which forms 
a light-shielding film in fields other than the field in which said optical 
waveguide on said 1st substrate is formed further, and the side face of 
each of said optical waveguide. 

[Claim 36] The process which forms said light-shielding film is the 
manufacture approach of the photoconductive wave equipment according to 
claim 35 characterized by to include said 2nd substrate of said optical 
waveguide, the process which forms stratum disjunctum in the field of the 
side which fixes, the process which forms a light-shielding film in said 
1st substrate, said optical waveguide, and the whole exposure of said 
stratum disjunctum, and the process which removes alternatively said 
light-shielding film which is in contact with said stratum disjunctum by 
removing said stratum disjunctum. 

[Claim 37] Furthermore, the manufacture approach of the photoconductive 
wave equipment according to claim 25 characterized by including the process 
which forms at least one side of the photo detector for changing the light 
emitting device or lightwave signal for changing an electrical signal into 
a lightwave signal into an electrical signal on said 2nd substrate. 
[Claim 38] Furthermore, the manufacture approach of the photoconductive 
wave equipment according to claim 37 characterized by including the process 
which forms the integrated circuit for delivering and receiving an 
electrical signal between [ one / at least ] said light emitting device 
or said photo detector on said 2nd substrate. 

[Claim 39] Said 2nd substrate is the manufacture approach of the 
photoconductive wave equipment according to claim 25 characterized by being 
the electric wiring substrate with which electric wiring was formed. 
[Claim 40] Furthermore, the manufacture approach of the photoconductive 
wave equipment according to claim 39 characterized by including the process 
which forms at least one side of the photo detector for changing the light 
emitting device or lightwave signal for changing an electrical signal into 
a lightwave signal into an electrical signal on said 2nd substrate, and 
the process which forms the integrated circuit for delivering and receiving 
an electrical signal between [ one / at least ] said light emitting device 
or said photo detector on said 2nd substrate. 

[Claim 41] Furthermore, the manufacture approach of the photoconductive 
wave equipment according to claim 40 characterized by including the process 



which said light emitting device or said photo detector reaches on the other 
hand at least, and closes said integrated circuit with a closure resin 
ingredient. 

[Claim 42] The process which forms optical waveguide by using said 1st 
substrate as a support base is the manufacture approach of the 
photoconductive wave equipment according to claim 40 characterized by 
including the process which forms a disengageable substrate detached core 
for said the 1st substrate and said optical waveguide on said 1st substrate, 
the process which forms optical waveguide on said substrate detached core, 
and the process of said optical waveguide which forms an inclined plane 
in the end section at least. 

[Claim 43] The process which forms said optical waveguide is the manufacture 
approach of the photoconductive wave equipment according to claim 42 
characterized by including the process which forms the 1st cladding layer 
on said substrate detached core, the process which forms a core layer on 
said 1st cladding layer, and the process which forms the 2nd cladding layer 
on said core layer. 

[Claim 44] The manufacture approach of the photoconductive wave equipment 
according to claim 40 characterized by using the 

multilayer-interconnection substrate which contains at least one sort of 
inorganic materials of the groups which consist of an alumina (aluminum 
203), a glass ceramic, aluminum night RAIDO (A1N) , and a mullite as said 
2nd substrate. 

[Claim 45] The manufacture approach of the photoconductive wave equipment 
according to claim 40 characterized by using the 

multilayer-interconnection substrate which contains at least one sort of 
organic materials of the groups which consist of a glass epoxy resin, 
polyimide, BT resin, PPE (polyphenyl ether) resin, phenol resin, and 
polyolefin resin as said 2nd substrate. 

[Claim 46] Said 2nd substrate is the manufacture approach of the 
photoconductive wave equipment according to claim 40 characterized by 
consisting of printing substrates with which the electric circuit pattern 
was printed while being formed in one [ at least ] field of a core substrate 
and this core substrate. 

[Claim 47] The manufacture approach of the photoconductive wave equipment 
according to claim 43 characterized by using what has a rate of optical 
refraction smaller than the ingredient which forms said core layer as an 
ingredient which forms said 1st and 2nd cladding layers. 
[Claim 48] The manufacture approach of the photoconductive wave equipment 
according to claim 43 characterized by using what contains at least one 



sort in the group which consists of polyimide, an epoxy resin, acrylic resin, 
polyolefin resin, and synthetic rubber as a principal component as an 
ingredient which forms said 1st and 2nd cladding layers. 
[Claim 49] The manufacture approach of the photoconductive wave equipment 
according to claim 42 characterized by using diacid-ized silicon (Si02) 
as an ingredient which forms said substrate detached core. 
[Claim 50] The manufacture approach of the photoconductive wave equipment 
according to claim 42 characterized by using the metallic material which 
can be etched as an ingredient which forms said substrate detached core. 
[Claim 51] The process of said optical waveguide which forms an inclined 
plane in the end section at least The process which applies a photoresist 
on said optical waveguide, performs exposure and a development to this 
photoresist, and forms a desired photoresist pattern, The process which 
makes the edge field of said photoresist pattern incline, and said 
photoresist pattern are used as a mask. Anisotropic etching of the part 
exposed from the edge field of said photoresist pattern of said optical 
waveguide is carried out. The manufacture approach of the photoconductive 
wave equipment according to claim 42 characterized by including the process 
which makes the edge of said optical waveguide a taper-like inclined plane, 
and the process which removes said photoresist pattern. 
[Claim 52] The process of said optical waveguide which forms an inclined 
plane in the end section at least The process which carries out vacuum 
evaporationo formation of the metal membrane on said optical waveguide, 
and the process which applies a photoresist, performs exposure and a 
development to this photoresist, and forms a desired photoresist pattern 
on said metal membrane, The process which etches said metal membrane by 
using said photoresist pattern as a mask, and forms said metal membrane 
in a desired pattern, The process which forms said inclined plane by 
irradiating a laser beam from a predetermined include angle to the 
predetermined field of said optical waveguide layer by using said metal 
membrane as a mask, and cutting said optical waveguide, The manufacture 
approach of the photoconductive wave equipment according to claim 42 
characterized by including the process which removes said metal membrane 
by etching and washes the whole workpiece. 

[Claim 53] The process of said optical waveguide which forms an inclined 
plane in the end section at least By heating the heating tool which has 
an inclined plane in a point, carrying out the closet of the point of this 
heating tool to said optical waveguide, and fusing optical waveguide The 
manufacture approach of the photoconductive wave equipment according to 
claim 42 characterized by including the process which forms said inclined 



plane in said optical waveguide, and the process which removes the 
processing waste produced in the fusion zone of said optical waveguide by 
polish processing after removing said heating tool. 

[Claim 54] The process of said optical waveguide which forms an inclined 
plane in the end section at least is the manufacture approach of the 
photoconductive wave equipment according to claim 42 characterized by 
including the process which cuts said 1st substrate at an angle of 
predetermined, and the process which grinds the end face formed of said 
cutting of said 1st substrate, and makes the edge of said optical waveguide 
an inclined plane. 

[Claim 55] While using the substrate which consists of an ingredient of 
the light transmission nature which makes light penetrate as said 1st 
substrate, the process which makes said optical waveguide fix the 2nd 
substrate The process which forms the glue line which becomes a position 
on said 2nd substrate from the photo-setting resin hardened by the exposure 
of light, The manufacture approach of the photoconductive wave equipment 
according to claim 40 characterized by including the process which sticks 
the glue line of said 2nd substrate to the optical waveguide formed in said 
1st substrate, and the process which light is irradiated [ process ] towards 
said 2nd substrate from the rear face of said 1st substrate, and stiffens 
said glue line. 

[Claim 56] The process which makes said optical waveguide fix the 2nd 
substrate The process which forms the glue line which becomes a position 
on said 2nd substrate from thermosetting resin, The manufacture approach 
of the photoconductive wave equipment according to claim 40 characterized 
by including the process which sticks the glue line of said 2nd substrate 
to the optical waveguide formed in said 1st substrate, and the process which 
said 1st substrate and the 2nd whole substrate are heated [ process ], and 
stiffens said glue line. 

[Claim 57] The manufacture approach of the photoconductive wave equipment 
according to claim 42 characterized by supplying a solvent between said 
1st pasted-up substrate and said 2nd substrate in the process which imprints 
said optical waveguide to said 2nd substrate by removing said 1st substrate, 
removing said substrate detached core, and making it separate said 1st 
substrate from said optical waveguide. 

[Claim 58] The manufacture approach of the photoconductive wave equipment 
according to claim 42 characterized by supplying a solvent between said 
1st pasted-up substrate and said 2nd substrate, and making it divide the 
interface of said substrate detached core and said optical waveguide into 
it in the process which imprints said optical waveguide to said 2nd 



substrate by removing said 1st substrate. 

[Claim 59] It is the manufacture approach of the photoconductive wave 
equipment according to claim 40 which said light emitting device or a photo 
detector reaches on the other hand at least, and is characterized by having 
the connection electrode, for said light emitting device or a photo detector 
reaching on the other hand at least in the process which forms the process 
which forms either [ at least ] said light emitting device or a photo 
detector, and said integrated circuit, and said integrated circuit mounting 
said integrated circuit in said 2nd substrate by the flip-chip-bonding 
method using said connection electrode. 

[Claim 60] The manufacture approach of the photoconductive wave equipment 
according to claim 59 characterized by using said optical waveguide in the 
process which forms the process which forms either [ at least ] said light 
emitting device or a photo detector, and said integrated circuit as a spacer 
which said light emitting device or a photo detector reaches on the other 
hand at least, and intervenes between said integrated circuit and said 2nd 
substrate. 

[Claim 61] on the other hand, there is said light emitting device or a photo 
detector at least about the spherical section formed at the tip of a metal 
thin line — it is — the manufacture approach of the photoconductive wave 
equipment according to claim 59 characterized by forming said connection 
electrode by cutting it as between said spherical sections and said metal 
thin lines is pulled apart after being stuck to the electrode of said 
integrated circuit by pressure. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to photoconductive wave 
equipment equipped with the optical waveguide to which a lightwave signal 
spreads the interior, and its manufacture approach, especially, is used 
for optical connection of transceiver modules for optical transmissions, 
such as transmission of the lightwave signal in digital disposal circuits, 
such as a ultra high-speed digital disposal circuit and a parallel connected 



type digital digital disposal circuit, and optical communication, an 
optical link or an optical Fiber Channel, and relates to suitable 
photoconductive wave equipment and its manufacture approach. 
[0002] 

[Description of the Prior Art] The motion which transmits and receives all 
media through an information communication network is progressing that the 
throughput of information processors, such as a wire communication 
technique used for the radio technique used for a cellular phone etc. , ISDN 
(Integrated Services Digital Network), etc. or a personal computer 
(Personal Computer-C), improved by leaps and bounds in recent years, by 
having digitized AV (Audiovisual) device, etc. Moreover, the Internet is 
begun and information communication networks, such as LAN (Local Area 
Network) and WAN (Wide Area Network), are spreading [ business use and 
personal ] . From these things, home electronics and an AV equipment 
constitute a network from domestic centering on PC, and it will be thought 
in the future that the environment where information is freely exchanged 
with means of signal transduction, such as the telephone line, CATV (Cable 
Television or Community Antenna Television), terrestrial television, or 
satellite broadcasting service/satellite communication, is realized. 
[0003] in order to exchange freely the image data dealt with at a quick 
rate called several M-about tenMbps(es) by such means of signal 
transduction, an about [ 10M-lGbps ] information transmission rate is 
desired. Optical communication and a transmission technique can realize 
such an information transmission rate. For example, in the so-called trunk 
system communication network exceeding 10km - 100km, optical communication 
and a transmission technique have spread widely from viewpoints, such as 
the low loss nature, economical efficiency, etc., like the optical cable 
laid by the seabed. 

[0004] on the other hand — between the chips between the boards in a device, 
or in a board etc. — as a means of signal transduction between short 
distance, a wire communication and transmission means, such as a 
TSUISUTEDD0 pair cable and a coaxial cable, are mainly used comparatively. 
Although recent years come and the spread of the techniques using optical 
transmissions, such as an optical Fiber Channel and an optical data link, 
has started, optical communication and a transmission means have not 
resulted in spread to the extent that a wire communication and a 
transmission means are replaced in present. The problem of the cost pair 
effectiveness is mentioned as this reason. In order to maintain the engine 
performance (for example, transmission speed and the transmission quality) 
of optical communication, specifically, points, like that that a precise 



alignment technique is required, the cure against leak light, consideration 
of electromagnetic interference, or the cure against a noise etc. is 
required between the light emitting device and photo detector which 
constitute optical-communication equipment, and an optical fiber, and 
equipment becomes intricately and expensive as a result are mentioned. 
[0005] On the other hand, by advance of the technique in IC (Integrated 
Circuit; integrated circuit) or LSI (Large Scale Integration; large-scale 
integrated circuit), those working speeds and accumulation scales improve, 
for example, high-performance-izing of a microprocessor and large 
capacity-ization of a memory chip are attained quickly. Moreover, the 
amount of information which PC connected by the network deals with is 
increasing quickly. Therefore, the technical problem that it must 
correspond to the rise of the frequency of a signal-processing clock, the 
rise of whenever [ juxtaposition ], improvement in the speed of the access 
time to memory, etc. also exists. In the bottom of such a situation, 
improvement in the speed of a working speed is attained inside the 
semiconductor chip by detailed-izing of a semiconductor chip, contraction 
of the gate length of the transistor accompanying it, improvement in drive 
capacity, etc. However, in the access circuit to memory, the processor of 
a multi-MPU (Microprocessor Unit) configuration, etc. , the parasitic 
capacitance component of the part which is needed at the time of mounting 
of the package of a semiconductor device etc. is large, and high-speed 
signal-transmission actuation is difficult in electric wiring which 
connects with the exterior of a semiconductor chip. Moreover, when it comes 
to the cause of current change of the letter of a spike, or 
electrical-potential-difference change, both impression of the high speed 
signal to electric wiring causes electromagnetic-compatibility noises, 
such as EMI (Electromagnetic Interference) /EMC (Electromagnetic 
Compatibility), a reflective noise, and a cross talk noise. 
[0006] Then, also in short-distance signal-transmission paths, such as 
between the semiconductor chips on a wiring substrate, in order to transmit 
a high speed signal, it is thought desirable performing transmission by 
light, especially to use the optical transmission and communication system 
which made optical waveguide the transmission line. Since the signal delay 
by CR (C: electrostatic-capacity [ of wiring ], resistance of R: wiring) 
time constant of wiring can be canceled and the effect of an electromagnetic 
noise can be avoided when light performs a signal transmission, transfer 
of a high-speed signal is attained. Therefore, while maintaining the 
communication link engine performance of optical communication and 
transmission to the communication link engine performance and EQC of a wire 



communication and transmission, it is necessary to spread the optical 
communication and the transmission system between short distance also in 
the field of the device for general need persons by realizing reduction 
of cost. 

[0007] In order to maintain the communication link engine performance of 
optical communication and transmission to the communication link engine 
performance and EQC of a wire communication and transmission, it is required 
that the optical transmission loss of optical waveguide should be small. 
There is an ingredient of a quartz system as a small ingredient of optical 
transmission loss which fulfills this condition. As the quartz is already 
proved by the optical fiber, light transmission nature is very good, and 
when optical waveguide is produced with a quartz, low loss-ization of 0. 1 
or less dB/cm is attained. 

[0008] Drawing 32 expresses the example of 1 configuration of conventional 
photoconductive wave equipment (refer to JP, 62-204208, A) . This 
photoconductive wave equipment is equipped with the optical waveguide 502 
and LSI504 which consist of a quartz on the flat silicon substrate 501 in 
which the thin film multilayer interconnection 505 with which between each 
wiring was insulated by the insulating layer 506 was formed. Moreover, above 
each edge field of optical waveguide 502, a photo detector 503 and a light 
emitting device (not shown) are formed, respectively, and it connects with 
LSI504 arranged in the near electrically, respectively. With this 
photoconductive wave equipment, the interior of optical waveguide 502 is 
spread, it is reflected by end-face 502a, and the lightwave signal which 
carried out outgoing radiation from the light emitting device which is not 
illustrated carries out incidence to a photo detector 503. 
[0009] After forming optical waveguide 502 as the manufacture approach of 
photoconductive wave equipment of having such a configuration, on the 
silicon substrate 501 in which the thin film multilayer interconnection 
505 was formed, it is processed so that it may become 45 degrees of 
abbreviation to the front face of a silicon substrate 501 about end-face 
502a of optical waveguide 502 by anisotropic etching, such as RIE (Reactive 
Ion Etching; reactive ion etching), and the method of mounting a photo 
detector 503, a light emitting device, and LSI504 on a silicon substrate 
501 is learned further. 
[0010] 

[Problem(s) to be Solved by the Invention] However, by the manufacture 
approach of the photoconductive wave equipment mentioned above, since he 
was trying to form the optical waveguide 502 which consists of a quartz 
on a silicon substrate 501, the thin film technology needed to be used as 



a formation technique of optical waveguide 502, While formation of the 
optical waveguide 502 using a thin film technology is excellent in 
dimensional accuracy, disadvantageous profit that formation and processing 
of the film with a thickness of several micrometers or more are difficult 
exists. 

[0011] Moreover, even if it is able to transmit a signal to a high speed 
by light, electric wiring (electrical signal) still needs to perform 
transmission of an electric power supply, the control signal of low-speed 
various kinds comparatively, etc. Therefore, although it was indispensable 
to have formed the thin film multilayer interconnection 505 as electric 
wiring on a silicon substrate 501, when this electric wiring formation field 
became usual wiring substrate size (dozens of cm angle) and module size 
(several cm angle), cost started too much and the problem of being scarce 
was in implementability. 

[0012] In order to solve this problem, it is possible to form optical 
waveguide on the printed wiring substrate in which an electrical part can 
be carried. However, the thick film of the metal formed for example, by 
the galvanizing method etc. is arranged in the front face of the wiring 
substrate made to manufacture according to such a thick-film process, and 
irregularity is large. Therefore, when optical waveguide was formed on such 
a printed wiring substrate, the shape of toothing on the front face of a 
substrate affected the configuration of optical waveguide, and there was 
a problem of leading to increase of the optical transmission loss of optical 
waveguide or the fall of dimensional accuracy. 

[0013] Furthermore, since the process which dips the whole substrate in 
an acid and an alkali solution, an organic solvent, etc. was needed when 
forming optical waveguide on a wiring substrate, and performing wet etching, 
washing, etc., there was a problem that there was a possibility of doing 
damage to a substrate. Moreover, a possibility of doing damage is also in 
a substrate at the time of dry etching and elevated-temperature heat 
treatment. Therefore, it is difficult to use the electric wiring substrate 
by the thick-film process as a substrate, for example, the expensive 
substrate which has properties, such as high thermal resistance, needed 
to be used. 

[0014] This invention was made in view of this trouble, and the 1st purpose 
is in offering the photoconductive wave equipment which has the optical 
waveguide which can collateralize an optical high propagation property, 
and its manufacture approach irrespective of the class of support base. 
[0015] The 2nd purpose of this invention is to offer the photoconductive 
wave equipment which can attain reduction-ization of a manufacturing cost, 



and its manufacture approach while optical waveguide is formed cheaply. 
[0016] moreover — while the 3rd purpose of this invention enables 
transmission of the signal of the further high speed which was difficult 

to realize only with electric wiring — a transmission signal proof 

— electromagnetism — it is in offering the photoconductive wave equipment 

which can raise noise nature, and its manufacture approach. 

[0017] 

[Means for Solving the Problem] The photoconductive wave equipment by this 
invention is equipped with a substrate and the optical waveguide which has 
been arranged on a substrate and fixed while being beforehand formed 
separately so that a lightwave signal could spread the interior. 
[0018] The manufacture approach of the photoconductive wave equipment by 
this invention includes the process which makes the process which forms 
optical waveguide by using the 1st substrate as a support base, the optical 
waveguide supported by the 1st substrate, and the 2nd substrate fix, and 
the process which imprints optical waveguide to the 2nd substrate by 
removing the 1st substrate. 

[0019] With the photoconductive wave equipment by this invention, the 
optical waveguide formed separately beforehand is arranged on the substrate, 
and a lightwave signal spreads the interior of this optical waveguide. 
[0020] By the manufacture approach of the photoconductive wave equipment 
by this invention, after the optical waveguide and the 2nd substrate which 
were formed as a support base fix the 1st substrate, optical waveguide is 
imprinted by the 2nd substrate by removing the 1st substrate. 
[0021] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this 
invention is explained to a detail with reference to a drawing. 
[0022] (Gestalt of the 1st operation) With reference to drawing 1 , the 
configuration of the photoconductive wave equipment concerning the gestalt 
of operation of the 1st of this invention is explained first. 
[0023] Drawing 1 expresses the cross-section configuration of the 
photoconductive wave equipment 1 concerning the gestalt of this operation. 
This photoconductive wave equipment 1 is equipped with the 
multilayer-interconnection substrate 2, the optical waveguide 11 pasted 
up on the multilayer-interconnection substrate 2 through the glue line 6, 
and the photo detector 21, the IC chips 25 and 35 and light emitting device 
31 which inserted in between by having used optical waveguide 11 as the 
spacer, and were mounted on the multilayer-interconnection substrate 2. 
Here, the multilayer-interconnection substrate 2 supports one example of 
the "substrate" of this invention, and the "2nd substrate. * Moreover, the 



IC chips 25 and 35 support one example of the "integrated circuit" of this 
invention, 

[0024] The multilayer-interconnection substrate 2 is an electric wiring 
substrate with which the laminating of two or more electric wiring 3 was 
carried out through the insulator 4. For example, a low-speed control signal 
is delivered and received between the IC chips 25 and 35, a photo detector 
21, and a light emitting device 31, or electric wiring 3 has the function 
which delivers and receives a signal between the exteriors while having 
the function which supplies power to the IC chips 25 and 35, a photo detector 
21, and a light emitting device 31. That is, electric wiring 3 is pattern 
wiring for mounting for mounting a photo detector 21, a light emitting 
device 31, and the IC chips 25 and 35 on the multilayer-interconnection 
substrate 2. Wiring for combining the IC chips 25 and 35, a photo detector 
21, and light emitting device 31 including wiring for supplying the various 
power-source circuit patterns and the signal for control which specifically 
include the ground line for supplying power in a photo detector 21, a light 
emitting device 31, and the IC chips 25 and 35 etc. is formed. 
[0025] As a multilayer-interconnection substrate 2, the ceramic 
multilayer-interconnection substrate with which an insulator 4 consists 
of inorganic materials, such as an alumina (aluminum 203), a 
low-temperature baking glass ceramic, a glass ceramic, aluminum night RAID0 
(A1N), and a mullite, is used, for example. Moreover, the glass epoxy 
multilayer-interconnection substrate with which an insulator 4 consists 
of glass epoxy resins, such as FR-4, Made high density pattern formation 
possible with the photolithography technique which used for example, the 
photosensitive epoxy resin etc. on the usual glass epoxy wiring substrate. 
The so-called build up multilayer-interconnection substrate, the flexible 
multilayer-interconnection substrate which used the polyimide film etc. 
for the insulator 4, Or the multilayer-interconnection substrate using 
organic materials, such as BT resin, PPE (polyphenyl ether) resin, phenol 
resin, and polyolefin resin (for example, Du Pont Teflon (trademark 
registration) ) , may be used. The so-called printed-circuit board with which 
it, in addition to this, comes to arrange the printing substrate with which 
the electric circuit pattern was printed by high density on the core 
substrate which consists of dielectric materials can also be used. 
[0026] The glue line 6 intervenes between optical waveguide 11 and the 
multilayer-interconnection substrate 2, for example, is constituted by a 
photo-setting resin or thermosetting resin, such as a glass epoxy resin. 
Moreover, the thickness is about 10 micrometers. This glue line 6 has also 
played the role which carries out flattening of the unevenness of a 



multilayer-interconnection substrate front face other than a role on which 
optical waveguide 11 and the multilayer-interconnection substrate 2 are 
pasted up. 

[0027] Optical waveguide 11 is constituted by the core layer 54, and the 
up cladding layer 53 and the lower cladding layer 55 which were formed as 
surrounded the core layer 54. This optical waveguide 11 has the front face 
of the multilayer-interconnection substrate 2, and the inclined planes [ as 
/ whose exterior angles to make are acute angles (45 degrees of abbreviation 
/ Here /) ] 11a and lib to both ends. In addition, the front face of the 
multilayer-interconnection substrate 2 of optical waveguide 11 and the 
exterior angle to make mean the thing of the exterior angle of this graphic 
form at the time of thinking that it is the graphic form which the cross 
section which met in the optical propagation direction of optical waveguide 
11 closed. Here, the up cladding layer 53 supports to one example of the 
"1st cladding layer" of this invention, and the lower cladding layer 55 
supports one example of the "2nd cladding layer" of this invention, 
respectively. Moreover, inclined planes 11a and lib support one example 
of the "light reflex section" of this invention. 

[0028] Inclined planes 11a and lib have the function derived in the 
direction which is made to reflect the lightwave signal which has spread 
the inside of optical waveguide 11, and intersects perpendicularly with 
the principal plane of the multilayer-interconnection substrate 2 while 
the front face of the multilayer-interconnection substrate 2 and the 
exterior angle to make are 45 degrees of abbreviation as mentioned above, 
and they reflect the lightwave signal which carries out incidence in the 
direction which intersects perpendicularly with the principal plane of the 
multilayer-interconnection substrate 2 from the exterior of optical 
waveguide 11 and introducing them in optical waveguide 11. 
[0029] The up cladding layer 53 and the lower cladding layer 55 are 
constituted by the epoxy resin which uses as a principal member the 
bisphenol whose refractive index is about 1. 52, and thickness is 20 
micrometers. Moreover, the core layer 54 is constituted by an ingredient 
with a bigger refractive index than the component of the up cladding layer 
53 and the lower cladding layer 55, for example, the epoxy resin whose 
refractive index is about 1. 54. The thickness of a core layer 54 is 20 
micrometers, and width of face is 60 micrometers. In addition, as long as 
the up cladding layer 53, a core layer 54, and the lower cladding layer 
55 fulfill the conditions that the refractive index of a core layer 54 is 
larger than the refractive index of the up cladding layer 53 and the lower 
cladding layer 55, they may be constituted by polyolefin resin, such as 



acrylic resin, such as other ingredients, for example, polyimide, and 
polymethylmethacrylate (PMMA;Polymethyl Methacrylate) , polyethylene, and 
polystyrene, or synthetic rubber. 

[0030] A photo detector 21 changes into an electrical signal the lightwave 
signal by which incidence is carried out to the plane of incidence from 
optical waveguide 11, and outputs it to the electric wiring 3 formed in 
the multilayer-interconnection substrate 2, and a photodiode is mentioned 
as the example. Here, the plane of incidence of a photo detector 21 is 
prepared in inclined plane 11a of optical waveguide 11, and the location 
which counters so that it may intersect perpendicularly with the principal 
plane of the multilayer-interconnection substrate 2. 

[0031] A light emitting device 31 changes into a lightwave signal the 
electrical signal inputted into a light emitting device 31 through the 
electric wiring 3 of the multilayer-interconnection substrate 2, and 
carries out outgoing radiation of the lightwave signal from an outgoing 
radiation side to inclined plane lib of optical waveguide 11, and light 
emitting diode (LED; Light Emitting Diode) is mentioned as the example. In 
addition, the outgoing radiation side of a light emitting device 31 is 
established in inclined plane lib of optical waveguide 11, and the location 
which counters so that it may intersect perpendicularly with the principal 
plane of the multilayer-interconnection substrate 2. 
[0032] Electronic circuitries, such as a digital disposal circuit and a 
memory circuit, are accumulated by the IC chips 25 and 35, and a power source 
is supplied to them through the electric wiring 3 of the 
multilayer-interconnection substrate 2. Moreover, these IC chips 25 and 
35 are electrically connected with the photo detector 21 and the light 
emitting device 31 by electric wiring 3, and it has the function which 
delivers and receives an electrical signal between a photo detector 21 and 
a light emitting device 31. 

[0033] For example, the electrode pad (not shown) is prepared in a photo 
detector 21, a light emitting device 31, and the IC chips 25 and 35, 
respectively. These electrode pads are in contact with the spherical bump 
(projection) BP who consists of solder (Pb-Sn solder) which uses lead (Pb) 
and tin (Sn) as a principal component. That is, a photo detector 21, a light 
emitting device 31, and the IC chips 25 and 35 are being electrically 
connected to the electric wiring 3 on the multilayer-interconnection 
substrate 2 by Bump BP while they are arranged on both sides of optical 
waveguide 11 in between. This bump BP copes with one example of the 
"connection electrode" of this invention. In addition, that by which 
coating of the solder was carried out to the spherule (field core) which 



consists of conductivity of the ball bump who consists of gold (Au), or 
copper (Cu) as a bump BP can also be used. 

[0034] Next, an operation of this photoconductive wave equipment 1 is 
explained. 

[0035] With this photoconductive wave equipment 1, it will be in the 
condition that a photo detector 21, a light emitting device 31, and the 
IC chips 25 and 35 can operate, with the power supplied, for example from 
the electric wiring 3 of the multilayer-interconnection substrate 2. In 
this condition, if an electrical signal is outputted to a light emitting 
device 31 from the IC chip 35, a light emitting device 31 will change an 
electrical signal into a lightwave signal, and will carry out outgoing 
radiation of the lightwave signal from an outgoing radiation side. 
Incidence is carried out to inclined plane lib, it reflects by inclined 
plane lib, and the lightwave signal by which outgoing radiation was carried 
out is introduced in optical waveguide 11. After it, the inside of optical 
waveguide 11 is spread, it reflects by inclined plane 11a, and incidence 
of this lightwave signal is carried out to the plane of incidence of a photo 
detector 21. The lightwave signal which carried out incidence to the photo 
detector 21 is changed into an electrical signal, and is inputted into the 
IC chip 25. Thus, high-speed transmission of the lightwave signal is carried 
out between the IC chip 35 and the IC chip 25. Moreover, signals which may 
be transmitted comparatively at a low speed, such as a low-speed control 
signal, are transmitted by the electric wiring 3 of the 
multilayer-interconnection substrate 2 with an electrical signal. Here, 
the transmission speed of a lightwave signal supports to one example of 
the "1st rate" of this invention, and the transmission speed of an 
electrical signal supports one example of the "2nd rate" of this invention, 
respectively. 

[0036] thus, with the photoconductive wave equipment concerning the gestalt 
of this operation The signal which controls the supply and the IC chip 35, 
and the IC chip 25 of power to the IC chips 25 and 35, a photo detector 
21, and a light emitting device 31 and which may be transmitted 
comparatively at a low speed The signal which can perform by the electric 
wiring 3 of the multilayer-interconnection substrate 2, and should be 
transmitted to a high speed between the IC chip 35 and the IC chip 25 can 
be transmitted with a lightwave signal by the light emitting device 31, 
optical waveguide 11, and the photo detector 21. Therefore, the problem 
of delay of the signal by CR time constant of electric wiring 3 is solvable, 
moreover, electromagnetism — the problem of malfunction resulting from 
the problem of a **** noise or wave-like turbulence is also solvable. 



[0037] Moreover, with the photoconductive wave equipment concerning the 
gestalt of this operation, on the multilayer-interconnection substrate 2, 
the IC chips 25 and 35, a photo detector 21, and a light emitting device 
31 make optical waveguide 11 and Bump BP intervene, and are mounted, and 
optical waveguide 11 has also played the role of the spacer which secures 
the tooth space for stationing Bump BP while supporting the IC chips 25 
and 35, a photo detector 21, and a light emitting device 31. For this reason, 
the IC chips 25 and 35, a photo detector 21, and a light emitting device 
31 may be fixed by stability on the multilayer-interconnection substrate 
2. Moreover, the distance of the IC chips 25 and 35, a photo detector 21 
and a light emitting device 31, and electric wiring 3 is maintainable to 
a predetermined value with optical waveguide 11. 

[0038] Next, with reference to drawing 2 thru/or drawing 12 , the 
manufacture approach of the photoconductive wave equipment concerning the 
gestalt of this operation is explained. In addition, drawing 2 thru/or 
drawing 4 are perspective views which express one production process, 
respectively. In drawing 5 , (A) is a perspective view showing one 
production process, and (B) expresses the cross-section structure which 
met the XB-XB line of (A). Drawing 6 , drawing 7 , and drawing 12 are 
sectional views which express one production process, respectively. In 
drawing 8 , drawing 9 , and drawing 11 , (A) is a perspective view which 
fractures and expresses a part of one production process, respectively, 
and (B) expresses the cross-section structure which met the VIIIB-VIIIB 
line ( drawing 8 ), IXB-IXB line ( drawing 9 ), and XIB-XIB line ( drawing 
11 ) of (A), respectively. 

[0039] As shown in drawing 2 , first, for example, quartz glass, lead glass, 
soda glass, Or the transparence substrate 51 excellent in the surface 
smoothness which consists of an ingredient (light transmission nature 
ingredient) which comparatively often penetrates the light applied to a 
visible region from ultraviolet areas, such as a mica (mica), is prepared, 
this transparence substrate 51 top — for example, plasma CVD (Chemical 
Vapor Deposition) — the substrate detached core 52 which consists of 
diacid-ized silicon (Si02) with a thickness of 500nm is formed by approaches, 
such as law, a heat CVD method, or an optical CVD method. This substrate 
detached core 52 is for separating the transparence substrate 51 from 
optical waveguide 11. The detail is mentioned later. In addition, 
diacid-ized silicon is the ingredient of transparence from an ultraviolet 
area mostly to the light of a visible region. Next, on the substrate detached 
core 52, with a spin coat method, after applying an epoxy resin so that 
it may become the thickness of about 20 micrometers, heat-treatment is 



performed, and resin is solidified, for example, the up cladding layer 53 
whose refractive index is 1.52 is formed. 

[0040] Next, as shown in drawing 3 , on the up cladding layer 53, using 
an ingredient with a refractive index higher than the component of the up 
cladding layer 53 (for example, epoxy resin), by the formation approach 
of the up cladding layer 53, and the same approach, a refractive index is 
1. 54 and core layer 54' which is about 30 micrometers in thickness is formed. 
[0041] Next, as shown in drawing 4 , the photoresist film (not shown) of 
a predetermined pattern is formed and RIE is performed by using this 
photoresist film as a mask. Thereby, core layer 54* becomes two or more 
estranged core layers 54 with a beltlike flat-surface configuration. 
[0042] Next, as shown in drawing 5 , the lower cladding layer 55 whose 
thickness is about 20 micrometers is formed by the formation approach of 
the up cladding layer 53, and the same approach all over the transparence 
substrate 51 using the same ingredient as the up cladding layer 53. 
[0043] In addition, after applying a photo-setting resin on each of those 
substrate layers, you may make it form the up cladding layer 53, a core 
layer 54, and the lower cladding layer 55 by performing an optical exposure 
to this photo-setting resin, and stiffening resin. 

[0044] Next, as shown in drawing 6 , the photoresist film 56 of about 10 
micrometers of thickness numbers is formed on the lower cladding layer 55. 
Next, after performing predetermined exposure processing and a development 
to the photoresist film 56 and processing the photoresist film 56 into a 
predetermined pattern for it, this photoresist film 56 by which pattern 
NINGU was carried out is heat-treated at the temperature for example, more 
than glass transition temperature. Thereby, the edge part of the 
photoresist film 56 flows and an inclined plane (the E section of drawing 
6 ) is formed. 

[0045] Next, as shown in drawing 7 , anisotropic etching of optical 
waveguide 11 is performed by using the photoresist film 56 as a mask using 
an RIE system or ECR (Electro Cyclotron Resonance; electron cyclotron 
resonance) equipment. Thereby, the configuration corresponding to the 
inclined plane of the photoresist film 56, i.e., the front face of the 
transparence substrate 51 and the inclined planes [ as / whose exterior 
angles to make are 135 degrees of abbreviation ] 11a and lib, is formed 
in the both ends of optical waveguide 11. The photoresist film 56 is removed 
after it. 

[0046] Next, as shown in drawing 8 , the multilayer-interconnection 
substrate 2 is prepared and the glue line 6 with a thickness of about 10 
micrometers it is thin from photo-setting resins, such as a glass epoxy 



resin, is formed in the field of the request on this 
multilayer-interconnection substrate 2 by approaches, such as a spin coat 
method, a dip coating method, a spray method, or print processes. 
[0047] Next, optical waveguide 11 is stuck to the 
multilayer-interconnection substrate 2 with which the glue line 6 is formed, 
reversing the top and bottom of the transparence substrate 51 in which 
optical waveguide 11 was formed, and performing alignment, as shown in 
drawing 9 . Then, where the optical waveguide 11 and the 
multilayer-interconnection substrate 2 by the side of the transparence 
substrate 51 are stuck, Light L is irradiated toward the 
multilayer-interconnection substrate 2 side from the transparence 
substrate 51 side. The photo-setting resin which constitutes a glue line 
6 hardens by this, and the multilayer-interconnection substrate 2 fixes 
in the location of a request of optical waveguide 11. If the short-time 
light L is irradiated with the big quantity of light at this time, a strain 
will arise in optical waveguide 11 and optical transmission loss will become 
large. Then, the exposure of Light L is performed over many hours with the 
comparatively small quantity of light. For example, when using an 
extra-high pressure mercury lamp (wavelength; g line (436nm) core), it is 
10 mW/cm2. It carries out for 5 minutes with an output. 
[0048] Drawing 10 is a graph showing the light transmittance of the epoxy 
resin (lmm in thickness) used in the gestalt of this operation as a core 
layer 54, the up cladding layer 53, and a lower cladding layer 55. An axis 
of ordinate shows light transmittance (unit;%), and the axis of abscissa 
shows the wavelength (unit; nm) of light. As drawing 10 also shows, this 
epoxy resin is light transmission nature resin which makes the light of 
the near-ultraviolet field of long wave length, and a visible region 
penetrate about 90% from about 350nm. Moreover, as described above, it has 
sufficient transparency, substrate applying [ the transparence substrate 
51 and / 52 ] them to a visible region from an ultraviolet area. The light 
L which follows, for example, is emitted from an extra-high pressure mercury 
lamp hardens completely the glue line 6 which penetrates the transparence 
substrate 51, the substrate detached core 52, and optical waveguide 11, 
and fully reaches to a glue line 6, for example, consists of a glass epoxy 
resin. 

[0049] Next, the transparence substrate 51 and the 
multilayer-interconnection substrate 2 are dipped in a thin hydrogen 
fluoride (HF) solution or a buffer hydrogen fluoride (BHF;Buffered HF) 
solution in the condition that the multilayer-interconnection substrate 
2 has fixed to optical waveguide 11. Thereby, as shown in drawing 11 , 



dissolution removal of the substrate detached core 52 formed between the 
transparence substrate 51 and optical waveguide 11 is carried out, it will 
be in the condition (lift off) that the transparence substrate 51 on the 
substrate detached core 52 was separated from optical waveguide 11, and 
optical waveguide 11 will be imprinted by the multilayer-interconnection 
substrate 2. After it, prewashing of the multilayer-interconnection 
substrate 2 with which optical waveguide 11 was imprinted is carried out 
bywater, it is washed, and is dried. 

[0050] Next, as shown in drawing 12 , Bump BP is formed in the electrode 
pad which a photo detector 21, a light emitting device 31, and the IC chips 
25 and 35 do not illustrate, respectively. The spherical section which 
specifically consists of gold formed at the tip of a golden thin line is 
stuck to a photo detector 21, a light emitting device 31, and the electrode 
pad of the IC chips 25 and 35 by pressure, respectively, as a thin line 
is pulled apart from the spherical section, between the spherical section 
and thin lines is cut, and Bump BP is formed. A photo detector 21, a light 
emitting device 31, and the IC chips 25 and 35 are mounted in the 
multilayer-interconnection substrate 2 by the flip-chip-bonding method 
after it, and the ref low of extent which does not give a damage to optical 
waveguide 11 is performed. Here, the flip-chip-bonding method carries out 
alignment of the electrode (wiring) which counters Bump BP and the bump 
BP prepared in the multilayer-interconnection substrate 2, sticks it, and 
means the approach of applying heat and a pressure and joining these. In 
addition, after supplying soldering paste to the location of the request 
on the multilayer-interconnection substrate 2 by print processes etc. , 
without using the flip-chip-bonding method, a photo detector 21 etc. may 
be mounted and a reflow may be performed. Moreover, it is also possible 
to mount other components other than a photo detector 21, a light emitting 
device 31, and the IC chips 25 and 35, such as for example, a chip mold 
resistor, a capacitor, or an inductor. 

[0051] Although illustration is not carried out to the last, the resin for 
the closures (for example, epoxy resin) is introduced using capillarity 
between the mounted photo detectors 21, the light emitting devices 31, and 
the IC chips 25 and 35 and the multilayer-interconnection substrates 2, 
and a photo detector 21, a light emitting device 31, and the IC chips 25 
and 35 are closed. Thereby, a photo detector 21, a light emitting device 
31, and the connection dependability of the IC chips 25 and 35 and electric 
wiring 3 improve. 

[0052] Thus, even if it is the case where the multilayer-interconnection 
substrate 2 with surface large irregularity is used as a support base since 



it was made to imprint to the multilayer-interconnection substrate 2 after 
forming optical waveguide 11 beforehand on the transparence substrate 51 
excellent in surface smoothness by the manufacture approach of the 
photoconductive wave equipment concerning the gestalt of this operation, 
it is possible to produce the photoconductive wave equipment 1 which has 
the optical waveguide 11 with little optical transmission loss. 
[0053] Moreover, since according to the gestalt of this operation the 
ceramic multilayer-interconnection substrate and printed-circuit board of 
low cost are comparatively used as a multilayer-interconnection substrate 
2 and it was made to mount components, such as the IC chips 25 and 35, a 
photo detector 21, and a light emitting device 31, on this 
multilayer-interconnection substrate 2, components can be mounted easily. 
Furthermore, an electric wiring layer can be formed by the thin film 
technology on a silicon substrate, and the photoconductive wave equipment 
1 which can perform the signal transmission by light, the signal 
transmission by the electrical and electric equipment, and an electric 
power supply to coincidence compared with the conventional method of 
mounting components on it can be manufactured more cheaply. 
[0054] Moreover, since the optical waveguide 11 which divided into the thin 
film process which forms optical waveguide 11, and the thick-film process 
which forms the multilayer-interconnection substrate 2, and was formed of 
the thin film process was imprinted to the multilayer-interconnection 
substrate 2 according to the gestalt of this operation Even if it does not 
use the spin coat method with which film formation is made difficult on 
substrates other than a disc-like substrate, optical waveguide 11 can be 
formed easily on the substrate of other configurations, such as a polygon. 
Consequently, the degree of freedom of selections, such as a configuration 
of the substrate (here multilayer-interconnection substrate 2) as a support 
base of optical waveguide 11 and an ingredient, can plan breadth and 
manufacture cost reduction. 

[0055] Moreover, while using the process which imprints optical waveguide 
11, when it formed optical waveguide 11 in the transparence substrate 51 
beforehand independently [ the multilayer-interconnection substrate 2 ] 
like the gestalt of this operation, and the cross-section configuration 
(especially width of face) of optical waveguide 11 is formed greatly, the 
alignment of the IC chips 25 and 35 to optical waveguide 11, a light emitting 
device 21, and a photo detector 31 becomes easy, and it becomes possible 
to reduce a manufacturing cost also at this point. 

[0056] In addition, with the gestalt of this operation, it was made to mount 
the IC chips 25 and 35, a light emitting device 21, and a photo detector 



31 so that optical waveguide 11 might be touched by using optical waveguide 
11 as a spacer, but as mentioned above, in case a reflow is performed at 
the time of mounting, it is necessary to pay attention so that a damage 
may not be given to optical waveguide 11. Therefore, by using Bump BP as 
a spacer, you may mount so that optical waveguide 11, the IC chips 25 and 
35, a light emitting device 21, and a photo detector 31 may estrange. In 
that case, while the distance of the IC chips 25 and 35, a light emitting 
device 21 and a photo detector 31, and electric wiring 3 is maintained by 
Bump BP at a predetermined value, reliable electrical installation becomes 
possible. 

[0057] (Gestalt of the 2nd operation) The gestalt of this operation is 
related with the manufacture approach of photoconductive wave equipment. 
The photoconductive wave equipment used as the object is the same as that 
of the gestalt of implementation of the above 1st except for the point that 
between each optical waveguide is separated. Hereafter, with reference to 
drawing 1 thru/or drawing 5 and drawing- 13 thru/or drawing 20 , the 
manufacture approach of the photoconductive wave equipment of the gestalt 
this operation is explained. Drawing 13 thru/or drawing 20 are perspective 
views which fracture and express a part of each production process, 
respectively. In addition, the same sign is given to the same component 
as the gestalt of the 1st operation, and the detailed explanation is omitted 
here. 

[0058] By the manufacture approach concerning the gestalt of this operation, 
the substrate detached core 52 and optical waveguide 11 are first formed 
on the transparence substrate 51 like the process shown in drawing 2 of 
the gestalt of the 1st operation - drawing 5 . 

[0059] next, it was shown in drawing 13 — as — an optical waveguide 11 
top — for example, plasma CVD (Chemical Vapor Deposition) — the stratum 
disjunctum 91 which consists of diacid-ized silicon (Si02) with a thickness 
of 500nm is formed by approaches, such as law, a heat CVD method, or an 
optical CVD method. This stratum disjunctum 91 is for removing 
alternatively the light-shielding film 92 (referring to drawing 15 ) 
mentioned later. Then, the front face of the transparence substrate 51 and 
the inclined planes [ as / whose exterior angles to make are 135 degrees 
of abbreviation ] 11a and lib (here, not shown) are formed in the both ends 
of optical waveguide 11 using the same lithography technique as the gestalt 
of the 1st operation. 

[0060] Next, as shown in drawing 14 , stratum disjunctum 91, optical 
waveguide 11, and the substrate detached core 52 are alternatively removed 
by forming the photoresist film of the predetermined pattern which is not 



illustrated and performing etching processing of laser beam machining or 
plasma etching and ion beam etching for example, using the oxygen (0) plasma, 
etching (powder beam etching) using powder, etc. by using this photoresist 
film as a mask. Here, since it is necessary to remove certainly until it 
reaches the inferior surface of tongue (namely, interface of the up cladding 
layer 53 and the substrate detached core 52) of optical waveguide 11, it 
is made to perform laser radiation or etching until the substrate detached 
core 52 is exposed. Thereby, the stratum disjunctum 91 formed optical 
waveguide 11 and on it is divided to two or more optical waveguide IT and 
stratum disjunctum 91* which were estranged mutually. In addition, when 
the part to remove is the simple pattern constituted by the straight line, 
you may make it dicing etc. remove. 

[0061] Next, as shown in drawing 15 , the light-shielding film 92 which 
consists of chromium (Cr) with a thickness of lOOnm is formed in the 
transparence substrate 51, optical waveguide 11, and the whole exposure 
of stratum disjunctum 91 by vacuum deposition or the spatter. In addition, 
in case a light-shielding film 92 exposes and stiffens the glue line 6 
mentioned later, it is for shading alternatively. Incidentally, as long 
as it is the ingredient which can intercept light as a component of a 
light-shielding film 92, ingredients other than chromium may be used. 
Specifically, aluminum, a tantalum (Ta), etc. may be used. 
[0062] Next, as shown in drawing 16 , the light-shielding film 92 to which 
it is in contact with stratum disjunctum 91' (namely, on optical waveguide 
11) is alternatively removed by carrying out dissolution removal of stratum 
disjunctum 91' which consists of diacid-ized silicon using a rare fluoric 
acid solution (the lift-off method). This will be in the condition that 
only the top face of optical waveguide 11 was exposed. 
[0063] Next, as shown in drawing 17 , the multilayer-interconnection 
substrate 2 is prepared and the glue line 6 with a thickness of about 10 
micrometers it is thin from photo-setting resins, such as a glass epoxy 
resin, is formed in the field of the request on this 
multilayer-interconnection substrate 2 by approaches, such as a spin coat 
method, a dip coating method, a spray method, or print processes. 
[0064] Next, after carrying out top-and-bottom reversal of the transparence 
substrate 51 with which optical waveguide 11' was formed like the process 
shown in drawing 9 of the gestalt of the 1st operation and sticking the 
multilayer-interconnection substrate 2 to optical waveguide 11' by 
pressure as shown in drawing 18 for example, Light L is irradiated towards 
the direction of the multilayer-interconnection substrate 2 from the 
transparence substrate 51 side. Here, it is formed only in the field in 



which a light-shielding film 92 is not formed in the interface of optical 
waveguide IT and a glue line 6, and optical waveguide IT of the side face 
of optical waveguide 11' and the opposed faces with the 
multilayer-interconnection substrate 2 of the transparence substrate 51 
is not formed. Therefore, the light L irradiated from the transparence 
substrate 51 side reaches to a glue line 6 only in the field A in which 
optical waveguide 11' is formed, is intercepted by the light-shielding film 
92 in the other fields B, and does not reach to a glue line 6. Consequently, 
the field A of the lower part of optical waveguide 11' hardens among glue 
lines 6, and the other fields B serve as as [ un-hardening ]. And the 
multilayer-interconnection substrate 2 fixes to optical waveguide 11' by 
this hardened glue line 6. 

[0065] Next, as shown in drawing 19 , dissolution removal of the resin of 
the field B with un-hardening is alternatively carried out by the acetone 
or ethanol, without Light L being irradiated by the light-shielding film 
92 of the glue lines 6. 

[0066] Next, after dissolving the light-shielding film 92 which consists 
of chromium using an acidic solution (for example, solution of hydrochloric 
acid) as shown in drawing 20 for example, optical waveguide 11' is imprinted 
to the multilayer-interconnection substrate 2 by carrying out dissolution 
removal of the substrate detached core 52 by the approach of the process 
shown in drawing 11 of the gestalt of the 1st operation, and the same 
approach. The following processes are the same as the gestalt of the 1st 
operation. 

[0067] Thus, while forming beforehand two or more optical waveguide 11' 
separated mutually on the transparence substrate 51 with the gestalt of 
this operation Since the glue line 6 in the condition of not hardening and 
optical waveguide 11' which were formed all over the 
multilayer-interconnection substrate 2 using the light-shielding film 92 
are stuck and it was made to stiffen alternatively only the glue line 6 
of the lower part of an optical waveguide 11' formation field Two or more 
optical waveguide 11' on the transparence substrate 51 can be imprinted 
good to the multilayer-interconnection substrate 2. That is, on the 
multilayer-interconnection substrate 2, it estranges mutually, and is 
formed, and two or more optical waveguide 11' with little optical 
transmission loss can be arranged. 

[0068] Moreover, although the case where a flat-surface configuration 
formed two or more band-like optical waveguide 11' was explained here The 
flat-surface configuration of the arbitration formed on the transparence 
substrate 51 when using the manufacture approach of the gestalt this 



operation Optical waveguide can be imprinted only in a required part, 
without imprinting in the field which he can imprint [ field ] (optical 
waveguide [ for example, ], such as shape of shape [ of L character ], shape 
[ of U character ], and radii) 11' to the multilayer-interconnection 
substrate 2, for example, does not want to imprint optical waveguide like 
the electrode formation field of the multilayer-interconnection substrate 
2. 

[0069] (Gestalt of the 3rd operation) The gestalt of operation of the 3rd 
of this invention is the same as that of what showed the structure of the 
photoconductive wave equipment as the object itself to drawing 1 about the 
manufacture approach of optical waveguide. Except for the point that the 
formation approaches of the inclined planes 11a and lib of optical waveguide 
11 differ, as for the manufacture approach of the photoconductive wave 
equipment concerning the gestalt of this operation, others are the same 
as that of the gestalt of the 1st operation. Hereafter, it explains with 
reference to drawing 21 thru/or drawing 23 . In addition, in these drawings, 
the same sign is given to the same component as the gestalt of the 1st 
operation, and the detailed explanation is omitted here. 
[0070] By the formation approach of the inclined plane of the gestalt this 
operation, first, as shown in drawing 21 , the optical waveguide 11 which 
consists of the up cladding layer 53, a core layer 54, and a lower cladding 
layer 55 through the substrate detached core 52 is formed on the 
transparence substrate 51. Next, the metal membrane 60 which consists of 
aluminum is formed with vacuum deposition on the lower cladding layer 55. 
Next, after forming the photoresist film 56 on a metal membrane 60, while 
performing predetermined exposure and a development to the photoresist film 
56 and forming a desired photoresist pattern, an inclined plane E is formed 
in the edge part of the photoresist film 56 by heat-treating the photoresist 
film 56 at the temperature for example, more than glass transition 
temperature. 

[0071] Next, as shown in drawing 22 , by using the photoresist film 56 as 
a mask, a metal membrane 60 is etched and let the both ends of a metal 
membrane 60 be the inclined planes F of the configuration corresponding 
to the inclined plane E of the photoresist film 56. 

[0072] Next, it is C02 from a desired include angle, using a metal membrane 
60 as a mask, as shown in drawing 22 . The laser beams LB, such as gas laser, 
are irradiated and optical waveguide 11 is cut. It is made for the cutting 
plane used as the edge of optical waveguide 11 to turn into the inclined 
planes 11a and lib which inclined at 45 degrees of abbreviation to the 
longitudinal direction (the optical propagation direction) of optical 



waveguide 11 at this time. The process after it is the same as the gestalt 
of the 1st operation. 

[0073] Thus, since it carries out by irradiating a laser beam LB to formation 
of the inclined planes 11a and lib of the edge of optical waveguide 11 from 
a predetermined include angle, and cutting optical waveguide 11 according 
to the gestalt of this operation, it can form often [ precision ] and easily 
rather than the case where inclined planes 11a and lib are formed only 
according to a thin film formation process. 

[0074] (Gestalt of the 4th operation) The gestalt of operation of the 4th 
of this invention is the same as that of what showed the structure of the 
photoconductive wave equipment as the object itself to drawing 1 about the 
manufacture approach of optical waveguide. Except for the point that the 
formation approaches of the inclined planes 11a and lib of optical waveguide 
11 differ, as for the manufacture approach of the photoconductive wave 
equipment concerning the gestalt of this operation, others are the same 
as that of the gestalt of the 1st operation. Hereafter, it explains with 
reference to drawing 24 thru/or drawing 27 . In addition, in these drawings, 
the same sign is given to the same component as the gestalt of the 1st 
operation, and the detailed explanation is omitted here. 
[0075] In the gestalt of this operation, first, as shown in drawing 24 , 
in the same process as the gestalt of the 1st operation, the substrate 
detached core 52 is formed on the transparence substrate 51, and the optical 
waveguide 11 which consists of the up cladding layer 53, a core layer 54, 
and a lower cladding layer 55 on this is formed. 

[0076] Next, as shown in drawing 25 , the heat tool T which has two letter 
slant faces Ta of beveling which incline at 45 degrees of abbreviation to 
an apical surface Tb is prepared, and it heats to the temperature more than 
the glass transition temperature of the resin material which constitutes 
the up cladding layer 53, the core layer 54, and the lower cladding layer 
55 which constitute optical waveguide 11 for this heat tool T. Then, the 
tip of the heated heat tool T is forced on the multilayer-interconnection 
substrate 2, and optical waveguide 11 is fused. As long as it is required, 
you may make it move the heat tool T in the direction in alignment with 
the principal plane of the multilayer-interconnection substrate 2. 
[0077] Next, if the heat tool T is removed from the 
multilayer-interconnection substrate 2 as shown in drawing 26 , Crevice 
H will be formed in the field to which melting of the optical waveguide 
11 was carried out, and the inside of Crevice H will turn into the inclined 
planes 11a and lib which inclined at 45 degrees of abbreviation to the 
longitudinal direction of optical waveguide 11. In addition, around Crevice 



H, Society for Cutting Up Men (processing waste) K is generated according 
to heat deformation. For this reason, the forming face of Society for 
Cutting Up Men K of a substrate 51 is forced on the polished surface of 
the GURAINDO substrate 71, and is ground lightly. As shown in drawing 27 , 
while Society for Cutting Up Men K around Crevice H is removed by this polish, 
flattening of the top face of optical waveguide 11 is carried out. The 
inclined planes 11a and lib of optical waveguide 11 are completed by finally 
performing washing / desiccation processing. The process after it is the 
same as the gestalt of the 1st operation. 

[0078] Thus, according to the gestalt of this operation, since he is trying 
to form the inclined planes 11a and lib of optical waveguide 11 by the slant 
face Ta of the heat tool T, these inclined planes 11a and lib can be formed 
in whenever [ same tilt-angle / as the slant face Ta of the heat tool T ], 
and the precision of inclined planes 11a and lib can be raised. 
[0079] (Gestalt of the 5th operation) The gestalt of operation of the 5th 
of this invention is the same as that of what showed the structure of the 
photoconductive wave equipment as the object itself to drawing 1 about the 
manufacture approach of optical waveguide. Except for the point that the 
formation approaches of the inclined planes 11a and lib of optical waveguide 
11 differ, as for the manufacture approach of the photoconductive wave 
equipment concerning the gestalt of this operation, others are the same 
as that of the gestalt of the 1st operation. Hereafter, it explains with 
reference to drawing 28 thru/or drawing 30 . In addition, in these drawings, 
the same sign is given to the same component as the gestalt of the 1st 
operation, and the detailed explanation is omitted here. 
[0080] In the gestalt of this operation, first, as shown in drawing 28 , 
in the same process as the gestalt of the 1st operation, the substrate 
detached core 52 is formed on the transparence substrate 51, and the optical 
waveguide 11 which consists of the up cladding layer 53, a core layer 54, 
and a lower cladding layer 55 on this is formed. 

[0081] Next, as shown in drawing 29 , cutting means, such as a dicing saw, 
cut the transparence substrate 51 with which optical waveguide 11 was formed 
at the include angle of 45 degrees to the longitudinal direction (the 
optical propagation direction) of optical waveguide 11 (the F section of 
drawing 29 ) . 

[0082] Next, as shown in drawing 30 , the cut transparence substrate 51 
is made to incline at the include angle of 45 degrees to the GURAINDO 
substrate 81, and the cutting plane of the transparence substrate 51 is 
contacted to the polished surface of the GURAINDO substrate 81, and is 
ground. Inclined plane 11a which inclines at 45 degrees to the longitudinal 



direction of optical waveguide 11 by this in the end section of optical 
waveguide 11 can be formed. The following processes are the same as the 
gestalt of the 1st operation almost. 

[0083] Thus, according to the gestalt of this operation, since he is trying 
to grind mechanically inclined plane 11a of optical waveguide 11, the 
precision of inclined plane 11a can be raised. In addition, since end-face 
processing of optical waveguide 11 by which two or more arrays were carried 
out along with the principal plane of the transparence substrate 51 can 
be put in block and the formation approach of this inclined plane 11a can 
perform it, it is convenient. 

[0084] (Gestalt of the 6th operation) The gestalt of operation of the 6th 
of this invention is related with the photoconductive wave equipment 
constituted as an optical transceiver module which transmits and receives 
data through a 1 heart optical fiber. Drawing 31 expresses the cross-section 
structure of the photoconductive wave equipment concerning the gestalt of 
this operation. In addition, the same sign is given to the same component 
as the gestalt of the 1st operation, and the explanation is omitted here. 
[0085] This photoconductive wave equipment The multilayer-interconnection 
substrate 2 (for example, glass epoxy multilayer-interconnection 
substrate) , The laser diode 101 and the IC chip 102 of the edge 
surface-emitting type as a light emitting device the optical waveguide 11 
formed on the multilayer-interconnection substrate 2, and for the 
transmission mounted through Bump BP on the multilayer-interconnection 
substrate 2, It has the photo detector 103 embedded at the 
multilayer-interconnection substrate 2, the photo detector 103 on the 
multilayer-interconnection substrate 2, and the 1 heart optical fiber 201 
arranged in the location which counters. Moreover, it is possible to carry 
the circuit and components of the others represented in the drive circuit 
of a laser diode 101 and receiving circuits, such as trans impedance 
amplifier, on the multilayer-interconnection substrate 2 (not shown). 
[0086] Optical waveguide 11 was imprinted on the 
multilayer-interconnection substrate 2 by the approach of the gestalt the 
1st operation, and has fixed to the multilayer-interconnection substrate 
2 by the glue line 6 which served as the passivation film which consists 
of resin. The front face of the multilayer-interconnection substrate 2 and 
the exterior angle to make are 45 degrees of abbreviation, and inclined 
plane 11a which functions as a reflector is formed in the end of optical 
waveguide 11. Optical waveguide 11 is positioned so that the location of 
inclined plane 11a may come to the center section of the photo detector 
103. The photo detector 103 has sensibility to the wavelength of the light 



which receives light. 

[0087] The 1 heart optical fiber 201 consists of a fiber core layer 202 
formed in the interior, and a fiber cladding layer 203 formed in the 
periphery of the fiber core layer 202, and it is prepared so that the end 
section may estrange only a predetermined distance from a photo detector 
103. The diameter of the fiber core layer 202 is large enough compared with 
the magnitude of inclined plane 11a. 

[0088] It is inputted into optical waveguide 11, optical waveguide 11 is 
spread, it reflects at inclined plane 11a, and the lightwave signal 
outputted from the laser diode 101 with this photoconductive wave equipment 
is the outgoing radiation light Lout. It carries out and is efficiently 
introduced into the 1 heart optical fiber 201. Moreover, the quantity of 
light of the incident light Lin outputted from the 1 heart optical fiber 
201 kicked by inclined plane 11a although the large field of the 
multilayer-interconnection substrate 2 containing inclined plane 11a of 
optical waveguide 11 irradiates is slight, and since most incident light 
Lin is absorbed by light sensing portion 103a of a photo detector 103, it 
can perform efficient reception. 

[0089] Thus, according to the gestalt of this operation, it becomes large, 
and it is low cost and the degree of freedom of arrangement between the 
1 heart optical fiber 201, and a photo detector 103 and a laser diode 101 
can consider as a powerful optical transceiver module. 
[0090] As mentioned above, although the gestalt of some operations was 
mentioned and this invention was explained, this invention is not limited 
to the gestalt of each above-mentioned implementation, and is variously 
deformable. For example, although considered as the configuration on which 
the lower cladding layer 55 of optical waveguide 11 was pasted up on the 
glue line 6 with the gestalt of the above-mentioned implementation, if the 
ingredient which achieves the same function as the lower cladding layer 
55 constitutes a glue line 6, the lower cladding layer 55 can consider as 
the configuration which serves as the glue line 6. Moreover, it is also 
possible to consider as the configuration which does not form the up 
cladding layer 53 about the up cladding layer 53, either, as uses air as 
a cladding layer in case optical waveguide 11 is imprinted to the 
multilayer-interconnection substrate 2. These results, the formation 
process of optical waveguide 11 can be simplified and a manufacturing cost 
can be reduced. 

[0091] Moreover, thermosetting resin can also be used although the gestalt 
of implementation of the above 1st explained the case where a photo-setting 
resin was used as a formation ingredient of a glue line 6. In this case, 



after forming optical waveguide 11 in the transparence substrate 51, the 
glue line 6 which consists of thermosetting resin, such as an epoxy resin 
or acrylic resin, by print processes is formed in the field of the request 
on the multilayer-interconnection substrate 2, and it heats in the 
condition of having made the optical waveguide 11 on the transparence 
substrate 51 sticking the multilayer-interconnection substrate 2. The 
thermosetting resin which constitutes a glue line 6 hardens by this, and 
the multilayer-interconnection substrate 2 fixes to optical waveguide 11. 
In this case, the substrate for optical waveguide formation (the 1st 
substrate in this invention) may not be the thing of light transmission 
nature. However, in order to make alignment in the case of an imprint easy, 
it is desirable to use the substrate of transparence. 
[0092] Moreover, although this substrate detached core 52 is dipped in a 
thin hydrogen fluoride solution or a buffer hydrogen fluoride solution and 
it was made to carry out dissolution removal with the gestalt of the 
above-mentioned implementation while using diacid-ized silicon as a 
formation ingredient of the substrate detached core 52, it is possible to 
spray organic solvents, such as an acetone or isopropyl alcohol, in the 
shape of a shower, to dissolve the substrate detached core 52, and to also 
make the substrate detached core 52 and optical waveguide 11 separate by 
these interfaces. Furthermore, the substrate detached core 52 is formed 
with the metallic material in which wet etching, such as aluminum (aluminum) 
and copper, is possible, and it may be made to carry out dissolution removal 
of this substrate detached core 52 using solutions, such as a thin 
hydrochloric acid (HCI), a sodium hydroxide (NaOH), or a potassium 
hydroxide (KOH). 

[0093] Moreover, although light transmission nature ingredients, such as 
quartz glass, were used as a transparence substrate 51, you may make it 
use ingredients, such as photosensitive glass which has light transmission 
nature and can dissolve, with the gestalt of the above-mentioned 
implementation. In this case, since it dissolves by dipping in the rare 
hydrogen fluoride solution for example, below 5 volume %, photosensitive 
glass becomes unnecessary [ the substrate detached core 52 ]. 
[0094] Moreover, although the light reflex section (inclined planes 11a 
and lib) was prepared in the whole end face of optical waveguide 11, you 
may make it prepare only in the end face of a core layer 54 with the gestalt 
of the above-mentioned implementation. 
[0095] 

[Effect of the Invention] Since this optical waveguide is arranged on a 
substrate and it was made to fix according to photoconductive wave equipment 



given in any 1 term of claim 1 thru/or claim 24 as explained above while 
forming optical waveguide separately beforehand, it becomes possible to 
collateralize a fixed property, without being influenced by the class and 
configuration of a substrate which support optical waveguide unlike the 
case where direct optical waveguide is formed on a substrate. Therefore, 
the effectiveness that it can constitute using the substrate of arbitration 
is done so. 

[0096] Since it constituted especially according to photoconductive wave 
equipment given in any 1 term of claim 8 thru/or claim 24 so that optical 
waveguide, a light emitting device, or a photo detector might reach on the 
other hand at least and it might have an integrated circuit on the substrate 
with which electric wiring was formed While carrying out high-speed 
transmission of the signal which should be transmitted to a high speed as 
a lightwave signal, the signal which may be transmitted comparatively at 
a low speed can also use a transmission gestalt properly according to an 
application or the purpose as it transmits as an electrical signal. 
Therefore, when transmitting with electric wiring, while the propagation 
delay of the signal which poses a problem is canceled, malfunction which 
a possibility that it may be influenced of an electromagnetic noise 
decreases, consequently originates in wave-like turbulence can be 
prevented effectively. Therefore, if this photoconductive wave equipment 
is used, only with electric wiring, signal transfer of the high speed 
implementation was difficult the high speed will be attained, and it will 
also become possible to raise the engine performance of a system or a network 
by leaps and bounds. 

[0097] Moreover, since the optical waveguide formed on the 1st substrate 
was imprinted to the 2nd substrate according to the manufacture approach 
of photoconductive wave equipment given in any 1 term of claim 25 thru/or 
claim 61, the effectiveness that the optical waveguide which was able to 
be formed only on the expensive substrate which was excellent in thermal 
resistance in the former can be formed on the cheaper substrate of the 
ingredient of arbitration and a configuration is done so. Furthermore, 
optical waveguide with little optical transmission loss is producible by 
using the substrate which was excellent in surface smoothness as the 1st 
substrate. 

[0098] According to the manufacture approach of photoconductive wave 
equipment given in any 1 term of claim 34 thru/or claim 36, especially After 
forming two or more optical waveguides estranged mutually on the 1st 
substrate and pasting up the 2nd substrate on such optical waveguides 
through a glue line, Since only the field corresponding to the field in 



which optical waveguide is formed among glue lines is exposed alternatively 
and it was made to stiffen it, two or more optical waveguides mutually 
divided into the field of a request of the substrate of arbitration can 
be imprinted. 

[0099] Moreover, since the electric wiring substrate beforehand formed of 
the thick-film process was used as the 2nd substrate according to the 
manufacture approach of photoconductive wave equipment given in any 1 term 
of claim 39 thru/or claim 61, after forming electric wiring on a substrate 
using a thin film technology, it can manufacture easily and more cheaply 
than the case where optical waveguide is formed on it. 
[0100] Since what contains at least one sort of polyimide and an epoxy resin 
cheaper than a quartz, acrylic resin, polyolef in resin, or synthetic rubber 
as an ingredient which forms the 1st and 2nd cladding layers was used 
especially according to the manufacture approach of photoconductive wave 
equipment according to claim 48, reduction-ization of the ingredient cost 
of optical waveguide can be attained. 

[0101] Moreover, according to the manufacture approach of photoconductive 
wave equipment according to claim 52, since it was made to carry out by 
[ of optical waveguide ] irradiating a laser beam to formation of the 
inclined plane of the end section from a predetermined include angle, and 
cutting optical waveguide at least, it can form often [ precision ] and 
easily rather than the case where it forms only according to a thin film 
formation process. 

[0102] Moreover, since at least 1 end face of optical waveguide was 
processed on the inclined plane by heating the heating tool which has the 
inclined plane of a predetermined include angle in a point, and carrying 
out a closet to optical waveguide according to the manufacture approach 
of photoconductive wave equipment according to claim 53, the inclined plane 
of optical waveguide can be formed in whenever [ same tilt-angle / as the 
inclined plane of a heating tool ], and the precision can be raised. 
[0103] Moreover, since the end face formed of cutting of the 1st substrate 
is ground and it was made to consider as the inclined plane of optical 
waveguide after cutting the 1st substrate with which optical waveguide was 
formed at an angle of predetermined according to the manufacture approach 
of photoconductive wave equipment according to claim 54, the precision of 
an inclined plane can be raised. 

[0104] Moreover, since optical waveguide was used as a spacer which a light 
emitting device or a photo detector reaches on the other hand at least, 
and intervenes between an integrated circuit and the 2nd substrate 
according to photoconductive wave equipment according to claim 60, on the 



other hand, a light emitting device or a photo detector can reach at least, 
and an integrated circuit can be fixed to stability on the 2nd substrate. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a sectional view showing the configuration of the 
photoconductive wave equipment concerning the gestalt of operation of the 
1st of this invention. 

[Drawing 2] It is a perspective view for explaining one production process 
of the photoconductive wave equipment concerning the gestalt of operation 
of the 1st of this invention. 

[Drawing 3] It is a perspective view for explaining the production process 
following drawing 2 . 

[Drawing 4] It is a perspective view for explaining the production process 
following drawing 3 . 

[Drawing 5] (A) is the perspective view fractured for explaining the 
production process following drawing 4 the part, and (B) is the sectional 
view which met the XB-XB line of (A). 

[Drawing 6] It is a sectional view for explaining the production process 
following drawing 5 . 

[Drawing 7] It is a sectional view for explaining the production process 
following drawing 6 . 

[Drawing 8] (A) is the perspective view fractured for explaining the 
production process following drawing 7 the part, and (B) is the sectional 
view which met the VIIIB-VIIIB line of (A). 

[Drawing 9] (A) is the perspective view fractured for explaining the 
production process following drawing 8 the part, and (B) is the sectional 
view which met the IXB-IXB line of (A). 

[Drawing 10] It is a property Fig. showing the relation between the light 
transmittance of the epoxy resin used in the gestalt of operation of the 
1st of this invention, and the wavelength of light. 

[Drawing 11] (A) is the perspective view fractured for explaining the 
production process following drawing 9 the part, and (B) is the sectional 



view which met the XIB-XIB line of (A). 

[Drawing 12] It is a sectional view for explaining the production process 
following drawing 11 . 

[Drawing 13] It is the perspective view which carried out the cross section 
for explaining one production process of the photoconductive wave equipment 
concerning the gestalt of operation of the 2nd of this invention the part. 
[Drawing 14] It is the perspective view fractured for explaining the 
production process following drawing 13 the part. 

[Drawing 15] It is the perspective view fractured for explaining the 
production process following drawing 14 the part. 

[Drawing 16] It is the perspective view fractured for explaining the 
production process following drawing 15 the part. 

[Drawing 17] It is the perspective view fractured for explaining the 
production process following drawing 16 the part. 

[Drawing 18] It is the perspective view fractured for explaining the 
production process following drawing 17 the part. 

[Drawing 19] It is the perspective view fractured for explaining the 
production process following drawing 18 the part. 

[Drawing 20] It is the perspective view fractured for explaining the 
production process following drawing 19 the part. 

[Drawing 21] It is a sectional view for explaining one production process 
of the photoconductive wave equipment concerning the gestalt of operation 
of the 3rd of this invention. 

[Drawing 22] It is a sectional view for explaining the production process 
following drawing 21 . 

[Drawing 23] It is a sectional view for explaining the production process 
following drawing 22 . 

[Drawing 24] It is a sectional view for explaining one production process 
of the photoconductive wave equipment concerning the gestalt of operation 
of the 4th of this invention. 

[Drawing 25] It is a sectional view for explaining the production process 
following drawing 24 . 

[Drawing 26] It is a sectional view for explaining the production process 
following drawing 25 . 

[Drawing 27] It is a sectional view for explaining the production process 
following drawing 26 . 

[Drawing 28] It is a sectional view for explaining one production process 
of the photoconductive wave equipment concerning the gestalt of operation 
of the 5th of this invention. 

[Drawing 29] It is a sectional view for explaining the production process 



following drawing 28 . 

[Drawing 30] It is a sectional view for explaining the production process 
following drawing 29 . 

[Drawing 31] It is a sectional view showing the configuration of the 
photoconductive wave equipment concerning the gestalt of operation of the 
6th of this invention. 

[Drawing 32] It is a sectional view showing the example of 1 configuration 
of conventional photoconductive wave equipment. 
[Description of Notations] 

1 [ — An insulator, 6 / — Glue line, ] — Photoconductive wave equipment, 

2 — A multilayer-interconnection substrate, 3 — Electric wiring, 4 11 
11* — Optical waveguide, 11a, lib — An inclined plane, 21 — Photo detector, 
25 35 [ — A substrate detached core, 53 / — An up cladding layer, 54 / 
— A core layer, 55 / — A lower cladding layer, 56 / — The photoresist 
film, 91, 91' / — Stratum disjunctum, 92 / — A light-shielding film, BP 
/ — A bump, L / — Light, LB / — Laser beam ] — IC chip, 31 — A light 
emitting device, 51 — A transparence substrate, 52 
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m#m 6 ] mswmmtt. pit <ti> -mc n- 

«6lB(S©3tt*«*lIo 

[|*#3U 0] ffilB£«®«*(tt£tlltix IMBIBfe* 

§ flt$g 8 g B$c<DftJ»ftS«o 
[ffi&S 1 1 ] fiMB3&£& *«<0*««E»»3W(S 



*S8fiBSO^®i6SS 0 

[M$* l 3 ] MIBUS 10^77 KStt, itufB&*Jl 

umm 1 4 ] tttmm&. ytmit&mz <o 
1 5 ] mmmmits mammmx 

«S8E«©)tSH»KBio 

nf&ai 8] buibs^««s ii(Pb) fe«tt;» 

(Sn) *±rt#fc**ttMZJ:Da*ci:*1**i:* 

1 9 ] MfB^«!Sss«^ 1 ©aatzMssfflre 

(D&mttft o *> *> s tuIB»«©«mWBB«(it5IB 

is 1 ©jisj; d fc/jN^t,^ 2 ©ausrc£2&fl»©£3s* 

K^fef*^^— 9"i;bT, HuIBaS±tcBBI5^nT^ 
II*S 8 HBii<D^««^Ho 

^gPA^©7tffl^^SW^-liTHufB7 1 d#«liS[*ltc«A-r 
§at6s *fc«tulB7 1 e#»SSF , i^5«tTtfc7 1 6«^ 

s*f $^TMfB^«isss^fc«m-r %mm<D'j>% < 1 1> 

o 

[WSS2 2] fuH3jlg«Wt±, ISIB)tSI«KrtO)te 

5lt*a2 1 IBK^WftSKo 
[||*IS 2 3 ] MIB^«iB»*«©*6^#«s 7/V 5 
t (A 1 2 0 3 ) , ^t75'^, 7;l/^^"7A7- 
^Y=7^Y (A 1 N) feitfA^'f 

•r«»#«i 1 E«©jt»tt«Bo 

m&A. 2 4 ] ffl|B$JISMSKOtti^»« 
X^+S^Jl, #y^5K. BT« PPE (polyph 
enyl ether) WH, 7x/-;l/»flH3«fctfjKU*b7^ 
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Bo 

[11*92 5] mi <o*«^^}t»fti: Lxmsm 
mtm i ©assfciss-r « £ t tc * »> itufBT^issg^iiu 

IBIS 2 OStgtc$E¥-T * 18 ttSts £ t it* 

[1S*92 6] BufB^#iSSSi:m2 0afifc5:H»S 

£-r3fl*92 5|B«©^«iSSKOffilig7?jic 
[W*9 2 7 ] SuSB&«aiJ k LT3fc«tfbttttfflS*ffl^ 
« £ t *«MK 4: -T 5 »*9 2 6 KttOftgttSllOStift 

[it*9 2 8 ] mm i oast uxjiasattotm 

.fc»)ft«aK*ffl^Si:&fc, co»i©WR*J1LT 
3t*B8lfr * c i:K: «fc ») , |JI5)t«{ktt»JB*«fkS« 
3c££#ifc£-f 311*92 7tB«^«^HoSii 

fBft*j£SSklff 2 (Dai£i:£H«-f SZDBtt, 
co=i7Ji*HtrJ:dJcLT, >5yKii:45«ii 
*is!<k«ffi©ltufS®B!«£MiS8»SiJi: LTffl^T, fu 

ibis i <Dmfaic&v%ftznrcttmKmfo&£m?,Wi2 

tusBfl 1 <Dai££iiufBft*«S&i^fl^ fcigfcfc^ 
TtufBfS 1 ©«S*«HB3t««IS^6»«'r * C fc*nT 
fig £ -T § § XS*£tr £ « t , 

fflE3^ttKft)B2 ®a«K:*i3rr3iefc*5^T, tu 
£iS«i»Wl*H5S'r « ctitctt) iutBSg l ©a*©l» 

£oicLtc£ tttftmttzmxmz 5tm<D 
[»**3 1] KiBS«#M»*, r.mimm (s i 

0 2 ) K£ 9^T3c ££#$^511*93 0!B« 

[ii*9 3 2 ] fittiesi i ©isflii: kr, m^ojaasfc 

IBIg 1 (DmU^Mt Z>££1£&'0£ n*Bts * «t 3 
\zLtc£t*W&tt%> H*9 2 5 IB#t©ft#«£[HO 



[W*9 3 3 ] tuIBMi 5 tt«%OT<97 >y-fk7K^ 
(HF) 0, tfHEifflSWlteftttma&ttttf? 

XT^5ii«kW#i:-r5ii*rR3 2 f BiScOftjg&gB 

[ti*9 3 4 ] mm \ <om^Kimw&mi8.+ 

MfBSS 2 ©a«£®»£-fc!:SXgi:, 
ftWfcWt LTlf{k£-li:3 X@ , 

[is*9 3 5 ] mtmmmm^m 2 ^as^&as-e 

SXgtDtu^ Slc> 

itufBfH 1 ©*^Olu3B3tWl!EB*«lK*nTV^iS« 
^OSS^.tlfMIB^SSSSOffliJffitl^*^ 

[»*93 6] tuIBji^^ffM-r^Xgti, 

tuiB7ta»«i^<DtfiiBm 2 (ommtrnmnnzmcomcm 

8WB»l©»R» t5fB^«iSSSfc<fcO : tulBiiJJ§M<D^ai 

^%wmmw&zwtRmm£t%xmt*'$is£ 
tu!B^2cD»«±(c, mmm*ft\mK®.mz>rc& 

^4: * 511*9 2 5£tt0^8&H®C(&#&. 
[11*93 8] HJC, 

tulB^ 2 cDSSXtc, itutB^ftlfM fctituIBS^*? 

«M@HI*Jgia-r 5 Xgfc^tr c -k fit 1 1" § li*S 
3 7fBt^ft««i£fi^iyit££o 

[ii*9 3 9 ] mm 2 ©atsti, ««nE«^jA 

[||*94 0] 

luIB^ 2 ©iS*Lk^ **flt#*3tfll#lca«-J- § fc46 

Oft < &-j5£<Dr3T*nmt^<Dm%m : 7*>rztb<D 
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«ttfj|(fflBi«ia»*»ih«flB*f»fc±oT»jJ:1-*lS 
£#tyc4:£1#^4:-r3l«5l<Jl4 0 Kttoftatift&lll) 

4 2 ] Mi2^ i (omm^wmwt Lxxm 
tineas i <Dmts.±.icmzm 1 oa^MHeftaftss^ 

S4:£#trc££#m4:Tr3if5RJg4 0lBfKo^»ttSi 
[HSJI4 3] M!Bft««l&2:flM-t3lSti, 

M&TmiX&ZVZvv Fjf£»T3lS4:£^ 

C»*«4 4] b5bBM3 2©»S4:LT, 7;l^7 (A 
1 2 0 3 ) , f7Xt75'y^, ^-I'h^ 
F (A 1 N) 4o<fc^7^hfr6&3i¥09%<D / >& 

< 4: 1 1 mnmmwm^ts^mwmwL^m^ c t 
it&wibtzm&mi ote«oft«ftSB<Di{3i73£o 

G8#E4 5] ffitBiI2<D««4:LT, «7XI** 
#'.M5K. BT» PPE (polyphenyl e 

ther) mm, 7±/-mmt5£z?xv*i/y<fy®m 

C»««4 6] WEJB2 0I&RW:, 3TWR4:, CO 

CM«9 4 7 ] Miem 1 If IS 2 ©* 9 >y Kl*» 

[M$g 4 8 ] tMBfg 1 43 J: tf£ 2C777 K«*JB 
jjStf£***}4:LT, #Uf5F, x^+^K. 7^'J 
MMM, jH U # 1/ 7 w V 8fSI& J: tf £J« 3' Afr 5> a 3 S¥ 

Z>c£Z¥f®tt% 4 3 IB©Ort»«S»oSiS 

[SM 4 9 ] tMB«®7^)i£»^?> W&4: t 
t, r|fr>'Jn> (Si0 2 ) *ffl^Scfc*W«fc 



t, xy*-7^ijgfc&«*m*ffl^5£ 

5 1 ] m&tmm<o'>% < t 
%m*B&t%xm$, 

1^77 Hc»)t43«ttfaflMaa*SSLTBfS07* h u 

WE7* hbiT* W^-Vfcvx^LT, buIBt^ 
f£S8©BuIE7* h h/<*-7©xy S>*WUp6* 
WLT^S*#*g#ttXy^ 7?LT\ BUHBT'ejSftiES 
«H$£t-/ tKOffiftiB t f 3 IS 4: . 

%m*Bm%xmt, 

m mmm±fc&mm*mmBi$.ir § is t , 

*X y 7 ? L T tut B^BM^m2cO/ - V tCffM^ 
SlSts 

»f -T « c 4: K J: •) tut EflWffi**/* 1 *" ^ IS 4: , 
CIS*9 5 3 ] fflE^fcHSBOft < 4: fe-4Sg|5tc« 
^ctfCckO, BulB^SSS^MIBM^ffi^^-r^I 

5 4 ] ffllSttSISeo^fc < 41 fe-«g|3lCfS 
#4®%ffM-r5lS{i, 

buIB^ 1 ©aS*3f£oftjaT?«W-r*XSi:, 

MfBig i <Dmm<DMB®mc& ntttmxwiB 
l t tut mmfcs&o^ttffimm 1 1 % is t *^tr c 

f£ 0 
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mtmrn^mcm 2 <Dmuz®mz#5xmt, 
Men 2 <Dmfc±<Dmi£<DimiCs xvmmc x^xm 
it? % m&itwifr e * § mmmmft? % xm t , 
mum 1 <Da«(cffM*n/c^»«s§fCHiifB^ 2 oa« 

<D$»f£&*£-fc!:;f>Xgi:, 

MIBIS 1 <D««(0«ffi^C,HfiI^2(DSffi^[p]ttT^ 

im&m 5 6 ] munmrnmcm 2 <Dmm*mmi*^ 
mzm 2 (D»«±(Dm^(DfiBtc^{ktt^fli!b^^5 
MBm 1 (DXstffM^nfc^it&ss^WHHii 2 

cDSmi^Mf^-t^Xgi;, 

Husam 1 <DS«43cfct;s2osfi^ft^piiUTMiHS 
mm ttmtz&zx&ttt'Stsc t*®mt?z>m$.m 

imxm 5 7 ] huh zm 1 <D««£i&:£i- 3 c t ic x k> 
mzmi.m&*mmi 2 <ommz.$m?z>xmzts^ 
t, s*^nfctf(fB^ 1 (Dmmtmzm 2 (om«.t<om 
Kmm^m^Lxmmmmmmm^u mmm 1 <o 

t?zm$.m4 2mm<DKm&%iW<Dmmjs&o 
im&m 5 8 ] mmm 1 <D««MS-r & c t tc «t 0 

T, S*$n/cHulB^i<Da«i:MIB^2(DS«fc(0P^ 

ffi* / Amtz&5KLrcct*w®it-?umm4 2sb 

%xm&£t?MiZMm®&*ftMtz>xmc&^T, m 
mizytm? * tc a&mwjut < 1 1 i o-'huib 

jfcSjnilSS^ jtu!B$l«*&ffl^T7l> V7?v7#y 
rV > ^ri J; t> tufBil 2 <7)S«fc^-r § J; 5 (c Lfc 

[ff sRiR 6 0 ] MMftKm? £ /ctiSftiil^ < 
£ fe-7?^^1-^lSfe' J:tf*ulB«»tilS§%ffM-r§ 
XS^fe^T, i513rt#KS&^ iufBfgftil^i: fc&g 
ftf!fj'>& < £: fe-73*5<};t;tuI3*aiH]S§i: fulfil 2 

LfcCi:^^fr§IS*«5 9lBHiSc^?»ftSB©ii 



HijlB*«leISS(Dll1StcE*LrcO%, Hua3^«g|5i:|ijIB 
^W^OF^f It8t-r<k 3 lc LTWWi? %c tic*. 

<o mmmnrnzmfc? zzoicLtcct z^m t?% 

IS** 5 9fB«^#«S»Oiiig73}io 
[000 1] 

m? % xmm®zm x rzytmfc&mis <t xs=t nmm m 
sg*5 x xf zvm&ft mem? 

[0 0 0 2] 

^jlffiStfK ISDN (Integrated Services Digital 
Network ) &^Cffl^£ft£**Silffi» hZWt^ 
—V-fA/ZiyM^. — ^ (Personal Computer ; PC) 4 

AV (Audiovisual ) ffltmtf'riSZMtZfttzC t&E 

•yh^i6x LAN (Local Area Network) WAN 
(Wide Area Network ) £i^ofc'lf?RjIfI*-y h- 7-* 

^SrtTPC^^fc^So^AVligg 
h7-^^«J?)tL, *ISle]|S, CATV (Cable 
Television$>§ V'iiCommunity Antenna Television) , 

[0003] ccoXr>r^nBMm9HcXoxmu-i' 

Etz&m^vwitzrctbici,^ wm£, iom~i 
g b P smmofiim&mmmmttiZo imm • 

1 0 km- 1 o o km%M7L%^t>®z>mm&mm 

[0004] -7?, m^fttDX- vm&zwtx- Krt 

Xfc, "MXf'y F^7-y-7;l/^>|B!tSy-7> 
^ffl^i.Sffi©^RA^f oTV^ fecD©, MtT- 
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[0 0 0 5] — ?j, I C (Integrated Circuit ; glfltH 
S§) ^LS I (Large Scale Integration ; 

OH«RO±ff J f«lfc5iJfia)±», & J: TS* * 'J ^©7 * 
^ 'J ^-bXlHlKS-^V^^M P U (Microprocessor 

unit ) m^tDmrnm^Eic^rit. ^mwmmn 

*WK»K:*V^TttKaoffll^e2S«l^ltb < 4ot 

EMI (Electromagnetic Interference) /EMC (El 
ectromagnetic Compatibility ) ^HOW^T^Z-Y 

So 

B3MW)C R (C : EifcOfllttS* R : IEHI<Dffii5i) Rf 
Stic «fc 5 ffl^SSE«)l¥^ ~c * > y -r x©» 

S C t T 1 5 ©T\ WM<Dtm<Dm%tfnSm 

for, ftilfi • &£03lffttffi*ffiKlfll • 

[ooo7] yesffi • Bm<Dmmvm*%mmm - 
tc?mmm!k<D>\^^tint urn 



[0 0 0 8] fie*<D3t#««llO-«fiR0IJ* 
gf £>©-?&?> 2-2 0 4 2 0 8#&«# 

s/ynyfflsso i±fc, 53££'?&SrtJ!li&Sg5 0 2 

*5<fct/L S I 5 0 4*flM.TVS. Sfc» ^W»SS5 0 

$ftfcL S 1 5 0 4 fc^ftJpftWKttfcaBKSttT^ 

LfcflfiflWtf, ft*S«5 0 2©rt»*£llftl/C\ iSffi 
5 0 2 a Tg»«n, Sftig? 5 0 3 icXf&tZ «t 5 K 
ftoTl^So 

[0 0 0 9] ilcDj;5^^ ; »-ri.) , c3»«SK©iljE 
Tjffii: L-Tti* ftSt$J|£ift5 0 5*W?nfr>'J n 
yl«5 0 1 ±fc3fc*iftl&5 0 2*»fiKLfcO^ 0J*. 
&*R I E (Reactive Ion Etching ; SStt-f * >x -y ^ 
&£©g^ttX^y^C<fcDft*ifiSg5 0 2<D 
SS5 0 2 a*->'j3ylfi5 0 1 £D^SlC*t UXBS 4 
5° £ fatal U Mfcu >"JaySl50l± 
fc*fc*?5 0 3, ajW?**^ L S I 5 0 4^Sg 

[0 0 10] 

[|§H^ftiatJ;9i:-rs»^] bfrUfctffc* ±iiEb 

0 2£S"Jn:yg&5 o i±Jc«*-rs«fc^KbTv^ 
fc«K 7t«^SS5 0 2©ffMa»i:bT«)iS«?rffl^ 
«j&S3^35ofc. 9HS«^fflv^c7t««SS5 0 2©» 

[ooi i] tc t time x<o imzKmc mm.-? 

0 1 ±tc*mWSe«il LT©»«I^J1BB« 5 0 5 

uroEnaMs-y-'TX (s+emffl ^^a-^-rx 

[0012] c(omi%t&it&ftibK:, ««g|5 n D p^ 

[0013] st» E«ififi±t)t»»B*»iat*ii 



(7) 



ftffl 2 0 0 0 - 1 9 9 8 2 7 



• 7 >\<i] v ®m^®®m%zicmfa£fottmxmtf 

dMH^feofco tit. F^xyf-yW^ jKfflJfe 

»r i l t watrat <fc § ttMBSitsi&£ffl v > 5 c t it 
[0014] *5KB«3b^5rajasfca*Ta«nfc«) 

[0 0 15] *58W©»2 01«t4x Jfc»«tttfftflilc 
flM2n* «Jft3^ h©fi«{b*H*<: k«*T 

<S>o 

[ooi6] a-fc, *aw«»3oiwti, n^saia 

■f *£££&*„ 

[0 0 17] 

[0 0 18] *f^fc«fc*tt*^ll<&«^8ctt, g 

ft 1 ©SStcj; 05J# £ftfcft*&E8£M!2cDfflSi:;£ 
11*2^*1*1^ »l©Sfi*|»S-rsci:lc±t))e 

[0019] *«iBfc < fc*)t»saii-ett, ^wjiijg 

[0 0 2 0] *«MKJ;*3t#«asll©|IBfi^aT«:, 

is i ©s«*s»»»fc LTBmztircm®.®t%2 
ttc «t o ftSRSKtf as 2 <agfifcli¥ Stt*. 

[0 0 2 1] 

[0022] (» i (ommmm) t ? \ 01 l 

[0 0 2 3] El Hi, 4£ft0J£J^tt3ftg%SH 1 

»stitty&mmi it. ftjfsssi l^-ttt 

K IC^y7°2 5, 3 5 «fctf$8tSR? 3 1 tltffiz. 



t^5. ca, ^«iafet«tg2*\ r»^j 

fc, I C^-y~/Z 5, 35^ *%B^cD rUMKlslKj O 

[0024] zmozmmw. 2 it, mkensam 3 a<» 

*S3fi, IC^<y7 l> 2 5, 3 5» 2 1 feitfJB 

il^3 iic«a%0^*«fli**rrsfc#ic, ic 
f 7/2 5, 3 5 £§ft*^2 1 feJctfSBtJR? 3 1 t 

n»fcOlHn»ffll^oSK*fi5«llB*^UT^*. Tft 
JltFZ K «*9IS?3 U3.fctf I 0^7*2 5. 3 5£ 

wi*m&t * fc y ? •> > k ? -r v z-sts &mmw, 

IBS/ < * - X 3 y h n -/WB«*f *08&-r * fc A6^B2 
«*^tr I 5,3 5 fcSftjfr? 2 1 fcitfK 

ft*? 3 l h«S^*fc&©Ki£§ft£*TO£ft T ^ 

[0 0 2 5] ^JiSEISS«2 i:LT(i, mtf, 
4#7;l/5-?- (Al 2 0 s ), fSSMfiS^X-te^-y 
#7**7 5 >y*, 7;l/5-^A^h9YK (A 
IN) s h ft ifO«»tffi<P 6***55 vf* 
«K3S*tS/Ws£ffl£ftT^* 0 £/£s tt»*43VFR- 

4 ft £©#7 xx**5/«flg*» 6 ft § # 5 Xx#*i/£ 

miT°M®ww~ywMnimc Lit, mme* kt 

•y r$ME«Sfi« 4 tc^ 'M 5 K7 * ^Aft 2 
^rfflt,^fc7 U*2/7*;I/^MEfi®E, &* BTi 
JSx PPE (polyphenyl ether) #j& 7x/-;Ht 

y ) ft^owii*J^^fflv^fc^jisei«*ig 

b>j * nfc EnBij*is^E^ ^ nr ft * , m n t p u > h eh 

[0 0 2 6] g#Ji6(i, 7fe«^SS 1 1 t&m&&g& 

ft fo^kMSftiiiSftttiiia o 

[0 0 2 7] 1 1 it. m*.a* 37S5 4 fc, 

37J1 5 4*HtTJ:5fc:UT»iasnfc±»*vy FS 

5 3feJ:tfT»^9y KJB5 5 kfcJ:»)*!**nT^ 
* 0 co^MSSl «UAtflS*S»K» ^HBESa 
S2<Dgffi^ft-r^AW m§4 5° ) t? 
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&5£?&M£4ffll 1 a, 1 1 b**jl/Tl^5. 

^*»ss i i o^jisais*is 2 coas^-r^ fctt, 
h s t terns k fc-tt § c <Dmm<Dttn <o c t *im 

•TSo cCT\ ±g|5^7-y KM 5 3#*«33© ^1<D 
£v-y FJBJ <E>-£{*09K:, T»*5*y K15 5*<*« 
«!<£> 2 y FJBJ ftflJiS b 

T^*. ft&Sl la, 1 1 bti\ *f£W<D rjfc 

[0 0 2 8] i£&S 1 1 a, 1 1 btt, ±3fit/kJ:$fc: 
^■E*§i2£«2 0£Efc**fl.ft#ii&4 5* -efcO, ft 
a»»SS 1 1 4>ftg|5fr 6 $JNBM££ 2 <D±ffi i; § 

£ftKA8rt-sft{i^£KM2tf t^^ss 1 1 mem 

[002 9] ±g|5^ 5 y KJ1 5 3 43d;t/TgP^ 5 y KB 
5 5 1±, fiJx.liHJjfW 1 . 5 2ifiOtX7x>'-;l/ 

jWW*tf2 0/im?fc*. 37JB5 4H:, ±g|5? 

7 -v KJf 5 3 43 ct t>"Tg|5^ 5 -v KJB 5 5 ©fcjStm <fc 0 
*iJBSt*0***WB, fl!l*.tfB«r** t 1 . 5 4*§£(D 

fctflllfcti: 2 0 ft mT'fe <3 , ffiteMXH 60|i tntfel, 
±»*7«yK)l5 3, 37J15 4fe«ttrF»^7 
y K/i 5 5 1*. 3 7/f 5 4 <OHSf*tf 9 y K/f 5 
3* J: OTTO* 5? K15 5tDHfJr*<fc *) fcA£i/^t^ 

*>J^f;Mi'i"Jl^-h (PMMA ; Polyme 
thyl Methacrylate ) ftifOT^U^WB, #UX^U 
'J XT" U^fc £<D$ U * U7 -f >«Jfi, **^tt 

[0 0 3 0] §ftlH72 1 tt, *®A»fl5fc)fcSI«H5 1 
lCT, §^*?2 l©AMStt, ftafMSSl 1 CD{«f4 

ffii i afcJMrrsffiiiic, ^siasa«2<D±ffii:ii 

[0 03 1] fgftlS? 3 1 fcj\ $Jl£lft£tii2®«3(E 

*KS»LT, *0ftM^*ffi»ffifr5ttS*KISl 1(0 
fflftSl 1 bfc»i/ctMrc-*fc®-efcD, ^©HflJi: 

fai^ft^-r^-K (LED; Light Emitting Diod 
e) *W6tl«o fcfe, 5§7tH^3 KDttiWffiHu ft 

*fts§ 1 1 <owm 1 1 b tttfatzimic zmmfo 

[0 0 3 2] I C^y72 5, 3 5ttt % 0ll*.tfflN§4fl 



§ 0 Sfc CCD I C^-y72 5. 3 5 ti. §ftSg^2 1 

*nri3t), *ft*?2 H3j:ifa)tjR?3 1 fcoia-c 

[0 0 3 3] »WF 2 K »Jtt*F3 lfcilf I Cf- 
y7*2 5, 3 5tCti, 0U*.tf*tt><y K 

tfffi (Pb) fcitfS (S n) *±jaftt1rZitM£ 
(Pb-Sntt/ufc*) «fcDft39fcft<0/<:/7' GSSS) B 

l*itfICfy^2 5, 3 5tt> ^«SS 1 1 SrP^fc 
«^TBBH^n?.i:tt^^^ A^7B PK£oT£/iBE*£ 
«R2±©««B»3fc«*Wtc«8tt«nTV^. ceo 

bTV^o 4*» /^y7°B Pi; LTt±. & (Au) J: 0 
SSWiM (Cu) fc£<Di»ftteJ: 

[0 0 3 4] i^C, CtD^iSSH 1 ©ffffllCO^Tltt 

[0035] c©ye#«sii i t«u 0g^.{f^jf EtAS 

?2 K SBHR?3 lfeitfl Cf-VfZ 5, 3 5*1 
ftWIJIfcttlBfcfcS. C<omiT\ IC^>y73 5A^ 

11^11^3 licnmn^tftiitiiEtizt, mat? 3 1 

b, fflftSl 1 bTKWLT^««S§l lrttc«A^n 

ffiftffil 1 aTS»LT3Htt*?2 1 OAWt A 
Mt5. ^ytm^2 ncA*fLfcft{H^i, «Mffl^tc 

^ss^nr i 5tA^$n§ 0 ctoidtt 

T, I Cf-y73 5 £ I Cfy72 5 fcOfflTttffl^tf 

[0 0 3 6] C©«tafc:*IUfi©»»fc:«5)tSIKgB 
Tit, I Cf772 5, 3 5, %ft.m?2 lfeAtfJSt 
3R?3 1 ^©•aoflttfrfcitf I Cfy73 5^ICf 
y 7* 2 5 * 3 v h n - S Jt»Wffi8T?fiaS L T fe «t 
^f8^ti> 2 (0«^IBIS 3 <t o Tff -5 c 

I C^>v73 5t I 77*2 5 i:OlBt»lf 

jstceas"r^*fs#*4, fs^?3 k ^#»ssi i« 

J; tfset*^ 2 it J: r> Tfflsmc J: D fiasr 5 c i: * s 
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[0 0 3 7] Sfc, *$ffi0«ftfCff«%«iftSI|-? 
tt, I Zf-vfZ 5. 3 5, S^?2 lfcitfSftjR 
f3lti, ^«BW»«2±k:, ftgifcSSl lfcjjtf/* 
^BP*^fi«*t«tsnt6!), ftag«SSl l(± 
I C^-y7°2 5, 3 5, 9. 3 ffMrf2 \1sX.XSZtiKMFf-$ 
I t.mc. ^>7°B P£BEK-t5/ci6©X^- 

Hb. ICf-y7°2 5, 3 5, ^Mf2 \*3tfS18&k 

?3 ni, ^■iassffi2±ic$stcia^$nt#5o * 

Its ftiMfcftl lfCJJoT* IC*-y7*2 5. 3 5, £ 

ft*? 2 l *iJ:tff»18*F3 l tnm&M3 t<oim* 

[0 0 3 8] ^{C, 02&t^L0 1 2*#BSLT\ 

"r*HHBi?**. H5t*^T, (a) a-nuBia* 

af£HHBtt?**>, (B) & (A) OXB-XBtftKJB 
ofcWrffilgja^aLTl/^o 0 6, 0 7*5<fct/01 2 

9fc«fctfH i ltm, (a) awenHHJfiie 

*-aSBSKLTaT*HiHT*t)» (B) It (A) ©VI 
IIB— VIIIBM (08) , IXB-IXB« (H9) , &<£ 

tfxiB-xiB* (Bio Kft-oitmmm&tznzti 

[0 0 3 9] f:f\ 0 2 K^Lfc WAtf535^f 

flflRfcT/^XvC VD (Chemical Vapor Deposition ) 
ffi, MCVDri, Sfcttftc VD»«!l02fi£fcJ:»K 0U 
0 0 nmOZllMtS/'Jaj/ (S I 0 2 ) «t0 
ftSStittttMl 5 2 %JfM-T § 0 C ©»£#8tJf 5 2 

(c J; ijffllAtfx^^K* 2 o /t mgfiojpsfcfcs 
<fc?K:MJLfc©^ Jn»ffla*ff4oT«flB*Hfb? 
0B*.tfJHST*tf 1 - 5 2T-£3±g|575-y KM 5 3 

[00 4 0]^ B3tC*LfcJ:3fc:, ±»*5vK 
1 5 3 ±£ , tfd* ±»* 5 >y FJf 5 3 ©M£S i: Rl 
1f ©£&£ «fc 0 % 7 >y KB 5 3 ©«$«*4 <fc <0 t> 

*.(£ JB*r*# 1. 54T$f), Jl?30/i mgg-e--&3 
3 7J15 4' 

[0 0 4 i] friz. 0 4 teas Life <fc Sic* RifS©^^- 
V07*hU5>*MI (0^-thf) £JIMU u©7* 



[0 0 4 2] #te, 0 5te^LfcJ:?te, flflJAtf, 30§ 
««5 1 ©£Ste, ±gR7-5-y F/f 5 3(D1&tiJ3&tm 
mvftmiC&i), ±W*9v Kl5 3i:W-0*tfi*ffl 
i/^Tff $ 20/i mgjg©T^ 9 -y KS 5 5 SrflMlT 

-So 

[0 0 4 3] ±gfl^>y K15 3, 37)15 4 fc 

<ty'Tgl?7^>y HI 5 5& ^ne»©#THW±tcft® 
Ibttil^if C ©ft®{bfflgB§te*f LTft 

Ba»*ff t> Tttf»*BMbStf3 c te J: 0 «f 3 J: ? 
teLTtxfcVo 

[0 0 4 4] mc, H6fcjSUfcJ:3K» TW^vK 
« 5 5 JbtC ffJAtfW*R+fimSa07*hU^Xh 
AM 5 6 *«j«-r *o 7 * h l/^'X hOi 5 6 tefifi^ 

?znrc7* b u->"x hM5 6*ffii*tf*5xiK»ias 

h§£5 6©x>y>> , g|5^» L , Tx (^6©E 

[0 0 4 5]*K, 0 7tC^Lfc:J:9fc, 7*bUS^X 
hSM5 6^vX^7i:LT, mtfR I EgK^^i/HiE 
C R (Electro Cyclotron Resonance : IMp-t^n h 
nvJW) »li*ffl^T3Wi««H l©S^ttx<y^y 

y*'n?o cmcxo, ft^Kssi i©w«gi5fc 7* 

h U^X hfli 5 6 ©fflf4S(C^JS-r f 
SB^S«5 1 ©*ffii:^-ry1-ftA%l 3 5° T'&SXv 
&Mf4ffil 1 a, 1 1 b«jn5„ ^©©*», 7* 

[0046] msic*Lrz£?K, mm&msi 

(Cs ffil^tf, Xe>3-hffi s f^77"3-hS, X7° 
[0 0 4 7] ^{C, H9KwUfcJ:5lC, ft^MSSl 1 

tf»«*nfciSW3S«5 i©7ctti2^sfEb, tt«^t>-a- 

*fr^» 5 S«Ji 6 A^fig^ ntv § ^JBStSSS 2 

fcftwisss 1 1 *®ntis^% 0 i^t, 5SB^a« 5 1 « 
©ft«&ssi i hzmwmm tmm&rc®.m 
t, ^was5 i»p.^asa^afi2»c[p]^oTft 

tttiswtL, ^Jiies»«2«ft»«ifSi i©Rffs 

^g^>7° («* ;gt(4 3 6 nm) (fiiLO 
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£E{±, 1 0mW/cm2 OHl^T'5Mff3o 
[0 0 4 8] H10& **«©JB!Wc*V^T37Ji5 
4 , ±g|5? ^ -y FH 5 3 & <fctfT»* 9 v KJi 5 5 i: L 

Tfflv^xjj?*f*BB (*« i mm) cwtajMs***- 

ttfift©^ ; nm) *jj*LTV« 0 El 1 0fr5> 
&#fr«<fc5K:, COXsK+S/tfflitt, 3 5 0nmgl 
«t t) ft^K*©3fi^Si«*5 c tt;Wtl««07 l c^ 9 0 % 

eaaa*-ti:s5taatt««e7f*5o tits ±.&Ltc& 
tfiB!i^t^y7>&»e&n33Ufcj\ msm^5 

1 , atg^SS 5 2 fe<fctf##«B 1 1 *)&ILT&* 
m 6 $-e+#K3MU #5*xjH*$/*MgJ: 13 

[0 0 4 9] K*tt8H l(C^J|£tKS«2^Q 

*\ 0U*tf*^7y{b!kJR (HF) SfcfcMMr? 
•ytokH? (B H F ; Buffered H F) »«tt»1- 0 cn 

kjiOh 011 {C7KLfe<t3tc, mwmms 1 

ssi it©Ht^snfcSfi»iwi 5 2 3b^*issjss 

ft, Xfi^ltl 5 2 ±©38W»R 5 i tfnmwk 1 i * 
6»Jt*nfc«« (U7h*7) 240, rt#MS8l 1 

i iffis* nrc^mwmm. z & *> u i$fc# 

[0 0 5 0] 0 1 2fcjSLfcJ:5K, §^?2 

1 , ^JtJR^S 1 $S&Xfl Cf-y7'2 5, 3 5©&^L 

«J*Ka5*S)t36 : ?2 1, %ftiit?3 lfc^tfl C^-y 
7°2 5, 3 5©W/^ KK*n^tlffi»U SttfSfr 

U /^7BP^ffM"T§o *■©©"&, £)fcJK?2 1, 
Sat*? 3 lfcitfl Zf-vfZ 5, 3 5*7'J<v7f- 

>y 7*>xV > t i o T^ieass* 2 icga u 

ftjf&SS 1 1 K^-^*#*4va«oy 7D-*ff 

7 b p t zmmmm 2 icstj- e tatw? b p icsr&i 
(sum t^w^^hxmm^. 

tfE7J*ftl*TCft6*»*1-*2ra*^$. 4&\ 7 

* 2fc J; o T $ff 2 ±©maottWc tt A,^ 

7n-*tfoTfcct^ 0 £fc §ftlit?2 1, 

3 1 43 J: tf I C f- v 7 2 5 , 3 5 ©ftiE, 09* Iff - >y 7' 

SSStffiv n yfyt * fctt-f 7 £'7 7 4 4! ©ffio*? 

[0 0 5 1] lt£tc, B^tiLfcV>#, *SLfcS3tsR 
?2 1, I8ft£?3 I C^<y72 5. 3 5t£ 



Ji»KS«2 fc<D|H»C, 0IRf£H&©Sl#l*?lJfflLTiftt 
1, »)t*?3 l*5j:tfl C*-y7*2 5. 3 5*1*11:* 
C^-v725, 3 5 t «^gH« 3 2 O&ttff «tt*«fil± 
[0 0 5 2] c<o«k9»c**SS©®!lfc«5JtilifiSll 

©BjfiSffi-ptt, ^wjsss i i ¥fflttt«nfcjaw 
o'>ftv^»iftHn i *w-r*)t*»«ii i *f^«"r« 

[0 0 5 3] *SJto»IBlcJ:ntf, ^SBBiliS 
IC^>y72 5, 3 5, «yfi«?2 H3±lfSBtJR?3 

[0 0 5 4] Tt^&^l 

1 *»drt-*«i7 , n*xi:^JiE«»R2*»jaf * 

)"d*«SSl 1*, ^■EI«lfiS2lcfi? , r*J:5tLft 

^-rsctj^TftSo c©iss, 7te««ssi i©^# 
»f*^UT©a« ccfit ^■Bana*2) ©e« 

^»«4 2©31W©S tffctf 0 , Sjfinx hffi«* 

[0 0 5 5] Sfc *HSS©^©J;9{c^«Seii«« 
2t«SiJ(C^»1S5 KCf^lWl 1*MLT 

ytrnm® 1 1 ©wffiff^« omc «o < jfm 

TSLfclfr&lctt, t^WSSSI 1 I C^>y72 
5, 3 5, 5§)t*?2 1 feitfSJt*? 3 1 ©ffifi^te 

[0 0 5 6] 4*5, **fiS©ff^T(i, ^»»SS 1 1 * 
X^-tffcLT, JtHiftKl 1 tmtZ&olc I C^-y 
72 5, 3 5, ^>t*?2 1 *5 c fcO ; S7 1 e^?3 1 
■TSidKLfc*', ±3z!iLfcJ;3tc, IK8«K'J7n- 
*fr5BK3tt»iftBl l K^-^*4A*^±3Ka 
**&5jMB* , **o fot, /^7BP*X^-Hti: 
LT, JtSfiSEKl 1 4: I C^-y72 5, 3 5, 

2 l&£tf§ftilS^3 1 fc*«IH-r5«t5K*SbTt> 
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4l/\, f-OJS^ttt, ^>7°B PlC&iTs 1 C^*y7 

2 5, 3 5, %Km? 2 1 feJ;tf»fc#F3 1 t*MBB 

[0057] cm 2 <Dnm<DBWd *mnoBmt. « 

f> ±3BffilomtO®»i:ra*T**. J-XT, 01& 
^L05fc4tf01 3fc^LH2 0*#iHLT, 

to&mvwffimnmsfiViK-ovTitim-tZo m 1 

3 ai^ uh 2 o *n**u &«ifiis*HJi»!«r t 

[0 0 5 8] *HSttO«*K:«*il!3fi^tt'X»f4, $t\ 
33 1 (D%m<OWM<Om 2-0 5 fc^ t fclg HttK L 
T, ®!HS«5 l±fcSfi»lWB5 2i3J:tfJtill«»l 

i *flwr*. 

[0 0 5 9] 0 1 S^Lfci-Mc, ftWffi® 1 
1±K S fi&RfcfT^XvC VD (Chemical Vapor Depos 
ition ) j£, RCVDS, SfcttftC VDffi*©2fffiK 

4 0 s ffllfctfJPS 5 0 0 n mOZliMk^ U n y ( S i 0 

2 ) 4"9&siijgtJi9 i*mmt%o «:©««■ 9 1 

14, SB£-r*»EftM9 2 (HI 5 #88) *jW?WKR** 

•rsfcJ6©t><0T**o i^t, m 1 <DMM<DBf&tm 

^S«5 KDSBBfcftfil.ft^KH 3 5° T'fe?. 
4-5&ffi£ffil la. lib (CilTIi, Hw*"f) * 

[0 0 6 0] 01 4£^L/-c4MC 0IJ3J4, 0 
^L&l/">E)T>£(0^#-><D7* M-"yXhJj££flMU 

SV^ttffil^tfK* (0) T^Xvfcffl^fcT^Xvx-y 
f - V * y M '- AX >y y $Nfv<"> $f-*ffl WfcX 
>y^y?' (^7^-lf-Ax>yf-y^) &H<DX>y^y 
^Pl^T^CttciO, tffltJf 9 1, lfc 

«feSSi lOTffi (f ±95*5>y FJ15 3 

# * s fca, ££#mh 5 2 # ami- 5 * t u— tfaaa* 

fe§VH4X79 L y^ff-5«t-5^f 5 0 CfttcJ;!?, ft 
*&S§1 l**tf*©±IC»**nfc«IM9 114, S 

^k«ihu 1 1 ' ts&vmmia 9 1 ' 

$ ^ - y t»* § 14, *V v- y if 

tc 4 *)BSt*"f 5 4 3 tc LttJ;^ 
[0 0 6 1] El 1 5lC^Lfc4 5£, ^»1S5 

1, JtSKftKl l*54tfiJWl9 1 <DSWffi±fttc, 
*fc?S^ffifc3WiX/<v*i£fc<fc!K WAWfW* l 0 
OnmO^nA (C r) 4: »>fc*j8ftli9 2Wt 



5o &*5, JIttll9 2t4, flaE-r*«»Jl6%B)tLT 

3B)til9 2©1fta#fi4:LTt4 4 ft£«BJ 

ftfitycte, 7;l/^x7A^^y^;l/ (Ta) S¥*fflV^T 

[0 0 6 2] mi 6fC*Lfc4?fC, Px.t4, ft 

7 -y S»S*flJ^Tz:»{kS"J 3 y£ <o &&iiJNUB 9 
1' *»«B§f£-rscfck:«l:»), »Mfl9 1' fc&LT 

«fci&*-rs (U7h*7ffi) o iinfc4D, ftw»s& 

i i©±ffiflD*iWiaufc«*i:ft*. 

[0 0 6 3] 01 7(C^Lfc4 9tC, £JfBE®ffi 

0iR{4, xeyn-hS, f^-y7"3-hfe X7*U- 

if©«MJflit4 o ^^ff? i o n mm&vmmm 6 

[0 0 6 4] ^t, 01 8{C^Ufc4 5tC, fi?!l^(4, m 

SRS»«5 1 ©«|*^^JiEli»«20^riRlK:[6i|ltT3tt 

l' ^S*Jl6i:(DWffitct4ffM$nTfcP,-f, 7t*« 
SSI 1' OffliJBfc4:tfii0l!»£5 1 cD^SieiS»« 2 

K*^Tttil©tK9 2fcJ:t)»Bf«tu S«H6^TSiJ 

^«iE«*«2«7t*»sgi r tatsn*. 

[0 0 6 5] ^tc, 0 1 9tC^Lfc4^fC gm»6<0 
■5^0, ji^H 9 2 £ 4 0 )tt L tfBWS ni* *WbO 

[0 0 6 6] ^tC, 0 2 0(C^bfc4 3tC, {?ijx.{f, ^ 

M9 2%^»Lfc©^, ffii^tfs i commmmnm i 
i t^ufciso^i:ra«io*aT»«»«i5 2* 
$$pfc£-r5c£ic4D, ^Kssi i' zzmtiimm 
«2K*B¥-t*o wToiis, m\<Dmm<DBM£m 

[0 0 6 7] c©J:3K:**JIo»»"P(4, ^toSH^a 

*#jaw**:#fc, jBttii9 2%fflv>T^es«ss2 
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l' tzmmmt, ttgi&SSi l' ffMH«©T{IJi^ 

(Dmmm 6 <D&.*miR.mcmi\:-$#%&5 k. Lfc©?\ 
mmmms i ±©«»<wfli«is i r zzmmtm®. 

»«2±{c, svncsi^tTffM^n, fro, 

£©'>&!, ^©ftali&SS 1 1 ' *UWL?% d t1$T°% 
[0 0 6 8] gfc, CCTHi, ¥ffi^ff»K®«ft<0 

t/HiP3aa«^H) ©3t#«a»i r «$flEtt&£2ic 

nl$& £©£ 3 K3tti»«K%(E3|: Lfc < fti^ffigfcttlg 

[0069] (^3 comrnvrnM) *mm%, 3 ©mss 

jgtfffili* ftafSSSl l©«f4ffil la, 11 b©flM 
$>§o M~F\ 02 l4V^LH2 3*#8gUTBiWr5. 

[0 0 7 0] #*«0®lS0fSHffi0fl&jaWffiTtt, * 
1\ 0 2 lKa*Lfc«J:5fc, SB^S*5 l±tcS«»gt 
15 2*fl"LT±gP*^v K»5 3, 3715 4^15 
Tm?v F«5 5fr&ft*}WI*«tt 1 1 ^M1"5. 
T»*9v Fii5 5±fc* 0iJ?ttf 7;l^-7A<t: 

o**&««i6o*««ffifca:t)jeia-r*o &n 

M6 0±£7* hl^Xh)l5 6£ffMLfc©^ 7* 
F U">*X hH5 6*W*tf#5;MES«fi«J:0fi*T? 

$>»#K:flwwH e ^Mt «„ 

[007 1] WC, 02 2^ Lfc £-5^ 7^1- hl/v' 
Xhfll5 6#VX*i:LT:fef?§i6 O^X-y^V^L 
T, 6 0 ©lS4Sffi*7 * F WJX FH 5 6 ©M§* 

[0 0 7 2] 02 2&C^Lfc<£9fC> &J1JK6 0 

£vx*i; LT3raoftfi3!p6tf!l*tf C 0 2 tfXU— »f 
ftifOU— *f)tLBOj!a«*ffl/\ ftjS&S&l lfcfclW 

ts„ c©k*, t^^esi i o*«apfc**wwffl*v 

ft#)£Sgl l©fi¥£|n] Oteat&lft) (C*fLTI&4 5 
* fc{«f4Lfc{«f4ffil la. 11 bfcftSi^fcf*. 

[0 0 7 3] c©J:5fc**flso«!Bt«tntf, 



SSI 1 ©4$g|5©fl££4ffi 1 1 a, 1 1 bO»«*, U— tf 
JttLB*BBeoftjaft»6!iH«LT}ttJiJftHH 1 *«K^T 

»B5 1 1 a. 11 b*Bf£?ZWi£&<0t>, 

[00 7 4] (£4 <DMffi<DBWO *%W<Dm 4 ©HfiS 

©ttfih LT<D3fc#«8ll<D«iS£Wi N 0 1 fc^Lfc 

Jg^ffiti, TteWi^SS 1 1©M£«1 1 a. 1 1 bcDJM 

WTv H2 4 4^l/H2 7*#!HLTBiWr*. 

[0 0 7 5] *HSS©^-Pti, £f\ 02 4 tC^ Lfc 

«5 1 ±KS*i$HW 5 2WU C0±K±»*5 
>y KJB5 3, 3715 46^8*77 KB 5 5fr& 

1 1 

[0 0 7 6]#lC, 02 5tC^LfcJ;5{C, ftsiSSTb 
K» LT»S 4 5 ° K«S^"T * 2 o©ffiSX t) «f4BT a * 

l*«l«-r*±»*7y 3715 

4fcj;trFgi5^-y pus 5*«ia-r*anejRtt©*7 
t^wsssi i*»«rt-*. jfcgT?**ur, ^ffiisss 

dtcLTfc^^o 

[0 0 7 7] 02 6tc^Lfcd;dtc, k-F^y- 

*\ ftmmmi i©ft^i^^LTBS4 5° immt 

fcffimi 1 a, 1 1 b£&5o IHiatHOHHt 
(is i^tJ:»)X*A (iJPXiS) K*^4-r* 0 C© 

a«5 iox*AK©iiSffi«» iMAtf, 
>fs«7 lvmtffiKffiMVs «<wjg-r§ 0 c© 

BfgtioT, 02 7 (C^ Lfc J; [Hlg|5H©llH© 

n^o «»tjsfeit • (efiyaa*ff a c t ic <t r? t 
mm i loffimi i a. 1 1 b««^a-r*. 

[0 0 7 8] c©«t3k:*ftj(sa)®IBKJ:ntf» ^aift 
ggl i©M#4ffil 1 a, 1 1 b*t-hV-;H©»ffi 

f4Blla, 1 1 b^rk-F^-;l/T©f4ST a fcP- 
©f««4ftStffM-r§iii:A^t. Mf4ffil la, 11 

[00 7 9] OR 5 o>fmoBfK> 5 ©^fiS 
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jfi^Ftttt, ftW^SSl immmi 1 a, 1 1 bcD^ 

»^a«:sjs*i»t, 1 QXHtwmtmmv 

&5o UT, 02 8ft«/>LH3 OfcWHUTBMW*. 

[0 0 8 0] #flfifS©J$iT'fi, £1% 02 8tC^bfc 

«5 l±KMR»««5 2*fl5jaU C0±fc±i5*9 
7K15 3, 3 7J1 5 4 fcctt/TSPf 7 y FJI 5 5 £ 
ftSftiiftS&l l£flMt4 0 
[0 0 8 1] 02 9lC^Lfc<fc3K, ft3»&E&l 

MttTlRl) (CWLT4 5° ©fcfiT«JWr"fS (02 9OF 

ao o 

[0 0 8 2] 0 3 0fc*LfcJ;5K, tfJttsnfc 
iS0J3»£5 l£7"^>F»«8 1ICWLT4 5' Oft 

a»»Sgl 1 ©-«ia5K:3tt»«K 1 10ft¥7?(^tcWtT 

4 5° T«-r5ffl^ai i a*ffM-r^i:i:^-et 

So 

[0 0 8 3] coj;dK:**«iO»tMcJ:ntf, ft«& 

[0084] ($g 6 vnmwm) *%w<Dm 6 ^uss 

f 4t>0T?&4„ 03 Hi, :*^<0J8tfc«43tl|«[ 

[0 0 8 5] SKDftmffikWtt* £«BBiSffl£2 w\%. 
(ff^Xxl+v'^IESlS) £JISEia*«2± 
fc»J*«ftfc}t*ft»n It ^HE«a«ffi2±{c^> 

®5»tS©u-if^*- Kioiteitficf'y/i 

0 2 fc, #liSH^»«2 Klia&i&aJftfcSJfc*? 1 0 3 
fc, ^JiE»IS«2±0«3ttJlS?l 0 3fc»|ft-r«ffi|l 
^^fifc-S^r^V^ 0 1 fc*fli*TV4o * 
fc, £JIE»g*2±fcti:, U— If F 1 0 1 <D 



[0086] %*m& i Hi, m i (Dmmmmmm 

fc «t 0 £MEiM£ti( 2 ±tc(i^ sn, «HB*» 6 ft * / < y 

KMtitti.zv>$EBi:ittnAtm*5 m mm 

ft 1 Hi. fg&S 1 1 a ©ttHA^SJtiR? 1 0 3 
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JMtCffM^nfc77-l'/^5y KB 2 0 3 
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0-«JSxa*ltWt*fc»0»fBiHT?»4 0 
[02 5] 0 2 4fc«<«JfiXg*KIJ3-r*fc»<D«iB 

0-e^So 
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0T*&S O 

[0 2 8] *S6W<DS5OHflg<0««K:«SJtill«g|H 

«-8!JSxe*ittwrsfc«)«)»fffiH-?a65. 

[02 9] H2 8KS8<HJgxe*ittWr5fc«)©»fBSi 
0T?&S o 

[03 0] H2 9Ktt<HJfiXS*KWr*fc*a)>lfSf 
BT*&So 

[03 1] *f|B^£D^6£D||)!fficDff^C«S7 1 fiai»a» 

wbsb-c&So 
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